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PREFACE TO THE FIRST EDITION. 



So many books have already been written about loco- 
motives that an additional work on the subject demands 
some apology for its appearance. 

It is an indisputable fact that, besides persons connected 
with this particular branch of engineering, there are a great 
many people in the world who take an intelligent interest 
in railway working and locomotives ; it is to such persons 
that this book is more particularly addressed, although at 
the same time the author ventures to hope that even 
practical railway mechanics may find some useful information 
in its pages. If he is so fortunate as to number among 
his readers any of the latter class, he prays for their leniency 
and forbearance. 

The books which have hitherto been published on the 
locomotive appear to be either altogether technical and 
scientific in their character, or else to deal with the subject 
entirely from a non-professional point of view. The former 
can only be understood by experts, and the latter do not 
give much idea of the principles of working or of construction. 

The author has himself felt, and heard it expressed by 
others, that there is a want of some work striking a mean 
between these two extremes; and it is in the hope of 
supplying that want that he places this book before the 
public. It has been his endeavour by simple wording and 
plain diagrams to give some general information regarding 
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the details of construction of modern locomotives ; and in 
order to make the different points as clear as possible, the 
working drawings and sections are of the simplest description, 
and should, by comparison with the text, be easily under- 
stood without any previous technical training. These 
diagrams will, he trusts, enable the reader to gain some 
general mechanical knowledge without having to master 
the contents of a text book or scientific work. 

Again, there may be other people who would like to 
know more about locomotives without caring to go minutely 
into details of construction. The author hopes that to 
such persons the historical chapters, and those on modern 
engines, may prove interesting. In them the reader — 
assisted by illustrations entirely of a pictorial character — 
will be able to trace the history of the locomotive from the 
commencement of its career down to the latest creations of 
the most celebrated engineers of the present day. 

In his connection with the outdoor working of the 
locomotive department of the London and North-Western 
Railway, the writer is brought into close contact with the 
officials of other departments, and he has invariably found 
that railway men, in whatever branch of the service they 
are engaged, take an interest in everything appertaining to 
the working of locomotives. It is therefore to his fellow 
railway men of all departments and grades that he would 
venture to dedicate this work. 

There are two very interesting engines now in the great 
Exhibition at Chicago, which are thoroughly representative 
examples of the highest types of locomotives of past and 
present times. One is the Great Western Railway broad 
gauge engine, "Lord of the Isles," built by Sir Daniel 
Gooch in 1851 ; and the other is Mr. Webb's 7 ft. com- 
pound engine, "Queen Empress," built at Crewe Works 
during the present year. The author is indebted to the 
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locomotive superintendents of the Great Western and 
London and North-Westem Railways for enabling him to 
give the illustrations of these engines, which form the 
frontispiece to this work. 

The endeavour has been made to avoid all controversial 
matter in these pages, but before concluding these few 
remarks one word may be said on the subject of railway 
speeds. It has been contended by some authorities that 
a greater speed than seventy-five miles an hour is practically 
never maintained. But the following are two or three 
instances of high speeds which have come under the 
author's own personal knowledge, and for the accuracy of 
which he can vouch. 

On February 7, 1893, the 7 ft. compound engine, No. 
1309, when working the 3.30 p.m. up Scotch express from 
Crewe to London, ran from Standon Bridge to Norton 
Bridge, a distance of 4f miles, in three minutes. Speed, 
87 miles per hour ; approximate weight of train and engine, 
240 tons ; gradient, i in 650 and i in 505 down. 

On April 17, 1893, 7 ft. compound engine. No. 1307, 
when working the 8 p.m. Scotch express from Euston, ran 
from Nuneaton to Tamworth, a distance of i2f miles, on a 
practically level roadj in 10 J minutes. Speed, 73 miles an 
hour; weight of train, 11 vehicles (equal to 14 J, counting 
each 8-wheeled vehicle as i J). The total moving weight was 
271 tons, exclusive of passengers and luggage. It is a very 
creditable performance to drag a dead weight of over 200 
tons, exclusive of engine and tender, for 1 2f miles over a 
level road at such a speed. At the time of making this 
trip, the engine had run over 85,000 miles since last in the 
shop for repairs. 

As a further example of an exceptionally high speed, a run 
made over the same ground by one of Mr. Webb's 6 ft 6 in. 
coupled engines. No. 1484, may be quoted. On April 20, 
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1893, this engine when working the 12 noon express Euston 
to Manchester, passed Nuneaton at 2.12, and Tarn worth at 
2.2 1 J p.m., thus covering the i2f miles in 9 J minutes, 
being an average speed of 80J miles per hour. On this 
occasion the train consisted of nine main line vehicles. 

It should, however, be borne in mind by those persons 
entrusted with the timing of passenger trains, that such 
speeds as these must not be quoted as precedents for 
ordinary working. Under favourable circumstances they 
may be attained by engines in a high state of efficiency; 
but locomotives, like human beings, while able, when put 
on their mettle, to exhibit extraordinary powers, are also 
like them subservient to natural laws, and therefore give 
better satisfaction when their powers are normally exerted 
within reasonable limits only. It is far more satisfactory 
to the public generally, and to the Railway Companies 
themselves, when trains are timed at such a speed as will 
enable them to be worked punctually under all circumstances. 

Heavier trains due to heavier traffic, difficulties in 
working due to climatic influences, which are of a very 
varied character in these isles, all affect the capabilities of 
a locomotive, and it is better for these different elements to 
be taken into consideration. Let but our engines have 
a fair chance, and they will not disgrace themselves in the 
eyes of the many millions of people who regulate their 
actions in accordance with the programme so clearly set 
forth in Bradshaw, and whose execution depends so much 
upon " British Locomotives." 



The author's best thanks are first of all due to Mr. F. W. 
Webb, the Locomotive Superintendent of the London and 
North-Western Railway, for the valuable information which 
he has placed at his disposal and allowed to be published. 
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It is through his kindness that the sectional drawing of 
the 7 ft. compound engine, and the many illustrations of 
the different types of the London and North-Western 
engines, are reproduced. His best thanks are also due to 
his immediate chief, Mr. A. L. Mumford (Assistant Loco- 
motive Superintendent, London and North-Westem Rail- 
way), for the benefit he has derived from that gentleman's 
long experience in the working and management of 
locomotives ; to Mr. E. R. Calthrop (late of the G. I. P. 
Railway, India) for many valuable hints, and to the follow- 
ing Superintendents for kindly supplying information con- 
cerning the engines of their respective companies and 
photographs from which the illustrations are reproduced : — 
Messrs. J. A. F. Aspinall, W. Adams, R. J. Billinton, 
W. Dean, J. Holden, S. W. Johnson, W. Kirtley, T. Parker, 
J. Pryce, P. Stirling, J. Stirling, and W. Worsdell, on the 
English Railways ; J. Lambie, and M. Holmes, Scotch 
Railways; and H. A. Ivatt, of the Great Southern and 
Western Railway, Ireland. 

The sketches of the historical engines have been well 
and carefully done by Mr. C. E. Jones (of the Locomotive 
Drawing Office, Crewe), and the constructive drawings and 
diagrams are, with one or two exceptions only, by Mr. R. 
A. McLellan, who has taken great pains with them, besides 
materially assisting the author in collecting the information 
on the valve-gear contained in Chapter IV. 

In conclusion, the writer wishes to acknowledge his 
gratitude to his friend, Mr. H. V. Weisse (Head-master of 
the Rugby Lower School), who has most patiently and 
carefully revised the text of this book. 

Rugby y June 1893. 



PREFACE TO THE SECOND EDITION. 



The kindly reception that has been given to the first 
edition of this book has led Messrs. Whittaker and Company 
to publish a second edition within so short a space of time 
that the author has had no opportunity of making a full 
revision of his work, or materially adding to the information 
it contains. He therefore again places British Locomotives 
before the public in its original form, with a few corrections, 
several of which have been suggested by various reviewers, 
whom the author takes this opportunity of thanking for 
their valuable hints and generally favourable criticism. 

In the first edition, the names and numbers of the 5 ft. 
6 in. coupled London and North-Western Railway express 
passenger engines were not given, as these engines are 
being converted into side-tanks, which do not bear names. 
As this omission has been commented on, the names and 
numbers of the remaining tender-engines of this class are 
now given, and the list of London and North- Western 
engines revised and corrected up to date. 

Rugby y December 1893. 



PREFACE TO THE THIRD EDITION. 

In introducing the Third Edition of British Locomotives 
the author must again thank the public generally, and 
railway men in particular, for the kind reception given to 
his work. 

This edition, through the continued kindness of various 
locomotive superintendents, brings locomotive development 
thoroughly up to date. Going to press at the close of the 
nineteenth century, the author is able to give a complete 
history of the progress of the Locomotive, from the crude 
ideas of Richard Trevithick in 1803 down to the most 
modern creations of the locomotive engineers of to-day. 

One new feature of this edition, for which the author 
desires here to record his thanks, is the reproduction of 
Mr. Webb's paper on Compound Engines, read before the 
Institution of Civil Engineers this year. 

Since the appearance of the last edition in 1894, there 
has been little to chronicle in the way of advancement in the 
speed of railway trains. The record run of the century was 
probably the journey from Euston to Aberdeen on August 
22, 1895, during the famous race from London to Scotland 
between the East and West Coast routes. Full particulars 
of this remarkable run will be found on page 201. 

The fin de sikle traveller makes such enormous demands 
on the Railway companies for accommodation that our 
trains have increased in weight out of all proportion to the 
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already increased traffic. Hence the problem the railway 
engineer has to solve is rather that of maintaining the speed 
of these heavier trains at the present standard, than that of 
greatly increasing the speed of trains in general. The most 
recent types of engines described in the present additions to 
this work are good examples of the efforts made by our 
leading engineers to solve this problem. 

Should British Locomotives meet with such further 
encouragement from the reading public as to necessitate a 
new edition in the twentieth century, there is no saying 
what new achievements the author may have to record, but 
it is exceedingly unlikely that any fifty years of time to 
come will see such strides of progress in railway engineering 
as have distinguished the latter half of our expiring century. 

Rugby ^ December 1899. 
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BRITISH LOCOMOTIVES. 
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CHAPTER I. 

EARLY HISTORY. 

The first self-moving locomotive engine of which there 
is any authenticated record was made by a Frenchman, 
named Nicholas Joseph Cugnot, in the year 1769. It was 
termed a "land-carriage," and was designed to run on 
ordinary roads. There are no particulars extant of this, 




Fig. I. 



the very first locomotive, but in 1771 a larger engine was 
constructed from Cugnot's designs, which is still preserved 
in the Conservatoire des Arts et Metiers at Paris. 

This engine, of which Fig. i is an illustration, was driven 
by two single-acting vertical cylinders, 13 in. in diameter. 
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The steam was admitted to the cylinder by a four-way cock ; 
and the pistons worked downwards, acting upon a ratchet- 
wheel on the driving-axle. Each stroke of one piston gave 
a quarter of a revolution to the driving-wheel. The boiler 
was of copper, with a fire-grate, and two rectangular flues 
serving as chimneys. It could only maintain steam for a 
quarter of an hour, and the maximum speed attained was 2 J 
miles per hour on a level road. The machine was fitted 
with a simple form of steering-gear. The French Govern- 
ment took some interest in this notion of a steam land- 
carriage, and voted a sum of money towards its construction, 
with the idea that such a machine might prove useful for 
military purposes. After the engine had been tried two or 
three times it overturned in the streets of Paris, and was then 
locked up in the arsenal, and thus ended its brief career. 

In 1784 Watt took out a patent for a steam-carriage. 
In a letter to Mr. Boulton he mentions the following details 
of its proposed structure. " The boiler to be of wood or 
thin metal, to be secured by hoops or otherwise, to prevent 
its bursting from the pressure of steam " 1 An internal fire- 
box was described, and the idea of a multitubular boiler 
hinted at. It is thought, however, that this engine was 
invented and constructed by Mr. Murdoch, Watt's assist- 
ant, and that he made it at Redruth in Cornwall, where it 
is supposed to have run on ordinary Cornish roads in the 
years 1785-86. The engine had a single vertical cylinder 
connected to one end of a beam, pivoted at the other end. 
A connecting-rod was fixed to the beam near the piston-rod, 
and turned a crank axle on a pair of driving-wheels. The 
cylinder was partly immersed in the boiler, which was 
heated by a furnace underneath. At the front of the 
engine was a third wheel working in a socket by which the 
engine was steered. A doubt exists as to whether this 
engine was ever actually built as intended, or whether the 
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idea got no further than the model illustrated in Fig. 2, 
which was undoubtedly made by Murdoch, and is now 
preserved in the possession of Messrs. Tangye Bros., Bir- 
mingham. Watt himself had no faith in the proposal to 
adapt steam to locomotive carriages, and did not person- 
ally follow up the idea ; indeed, Murdoch got into trouble 
with his employers for having given so much of his time 




Fig. 2. 



to this subject, instead of devoting himself entirely to the 
Soho engineering business. 

In 1786 William Symington, a Scotchman, constructed a 
model of a steam-carriage, but nothing was done to turn his 
ideas to any practical account. 

In 1802 we first hear of Richard Trevithick as a pioneer 
of locomotive CL-gineering. In that year, with his cousin 
Vivian, he took out a patent for a high-pressure engine 
and its application to steam-carriages, and in the same year 
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he made, a model of a steam- carriage (Fig. 3), the original 
of which is now in the South Kensington Museum. 

In 1803 Trevithick constructed an engine (illustrated 
in Fig. 4) which worked on a cast-iron tram-road at Merthyr 
Tydvil. This was probably the first locomotive of which any 
practical use was made. It had 8 in. horizontal cylinders and 




Fig. 3. 



a stroke of 4 ft. 6 in. The piston, to which a connecting-rod 
was attached, acted upon an arrangement of geared spur- 
wheels. As there was only one cylinder, the engine was 
fitted with a fly-wheel, to assist it over the dead points. 
The driving-wheels worked simply by adhesion to a smooth 
tram-way. The engine is said to have done useful service 
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at iPen-y-darren Works, and was capable of drawing ten 
tons of bar-iron, besides the carriages, at a speed of 
nine miles an hour. It is stated on good authority that 
the exhaust steam from the cylinders was turned into the 
chimney, and that Trevithick therefore was the original in- 
ventor of the blast, one of the most indispensable elements 
in the working of modern locomotives. 




Fig. 4. 



Trevithick himself took out no patent for the blast, 
probably not realizing the vast importance of an arrangement 
which he perhaps adopted merely as the most convenient way 
of getting rid of the waste steam from the cylinders. The 
machine was considered to be a commercial failure, and 
little or nothing was heard of it after the year 1804. 
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Trevithick also made a model of a steam-coach, which 
he exhibited about 1804-5 in I^ondon, on the site of the 
present London and North-Western Railway terminus at 
Euston. Wearied, however, with the apathy of those whom he 




Fig. 5. 



expected to take an interest in the furtherance of his projects, 
he took his machine away, and nothing more was heard of 
it. Trevithick made another engine in 1809 for the Wylam 
Railway, but this does not appear to have ever been used. 

In 1811 Matthew Murray, of Leeds, constructed a 
locomotive (illustrated in Fig. 5) for Mr. John Blenkinsop 
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(of the Middleton Colliery, near Leeds), which was put to 
work in August 1812. Blenkinsop took out a patent for 
increasing the tractive force by means of a pinion working 
in a rack-rail. The boiler was cylindrical, with convex ends ; 
there were two vertical double-acting cylinders, 8 in. in 
diameter with a stroke of 20 in., with pistons acting on 
cranks working at right angles to each other, which remain 
the arrangement adopted universally ^t the present day. 
Several of these engines were built and proved capable of 
drawing 94 tons on a level road at 3J miles an hour, the 
maximum speed attained with a light load being ten miles 
an hour. They were inspected in 18 16 by the Grand Duke 
Nicholas, afterwards Emperor of Russia, and there is evi- 
dence of their being still at work in 1831. Murray's engines 
may therefore lay claim to be the first engines permanently 
applied to railways on a commercial basis. 

In the meantime, other brains had been at work on the 
locomotive. Mr. Blackett, the proprietor of Wylam Colliery 
near Newcastle-on-Tyne, wrote to Trevithick on the subject ; 
and in 1811 one of the latter's engines was sent from 
Cornwall to Newcastle. It was, however, never used as a 
locomotive, but was subsequently employed as a stationary 
engine. A very primitive machine it must have been, as 
George Stephenson, who had never before seen a locomotive, 
upon inspecting it declared he could make a better one himself. 
William Hedley, Mr. Blackett's colliery inspector, set to work 
to construct a locomotive, having before him Trevithick's 
engines, and one of Blenkinsop*s, which had been sent to 
work on the Coxlodge Colliery railway near Newcastle. To 
lay down a rack-rail — on Blenkinsop's system — on the five 
miles of the Wylam Railway would have cost about ;;^8ooo, 
in addition to the expenses involved by adopting his patent. 
Hedley seems to have understood the insuflftciency of 
adhesion between the rails and the driving-wheels of light 
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engines ; yet he determined to adopt the system of direct 
acting driving-wheels, and to find means to overcome the 
difficulty. The result of his labours was that in 1813 he 
produced an engine which worked by the friction of its 
driving-wheels oil smooth rails. 



CIQ 




Fig. 6. 



The engine had a cast-iron boiler, with a single internal 
flue and one cylinder. Its performance was not altogether 
satisfactory, but was sufficient to encourage Mr. Black ett to 
commission Hedley to make another and better engine. 

Benefiting by previous experience, Hedley constructed 
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a second engine (Fig. 6), in which he embodied many 
improvements upon his previous venture. It had a wrought- 
iron boiler with a return flue, the chimney being at the same 
end as the fire-hole door. There were two vertical cylinders 
working on two large beams over the top of the boiler. 
The beams were connected to a crank underneath the 
boiler, which communicated the motion by toothed-gearing 
to four wheels of equal diameter working by adhesion to the 
rails. This engine was the famous " Puffing Billy," which 
is now preserved in the South Kensington Museum. 

In 1815 Hedley constructed more powerful engines on 
the same principle, with eight wheels all geared together, 
in which, as well as in the engines constructed by Trevithick 
and Murray, the steam-pressure was 50 lbs. to the square inch. 

Next in order among the great pioneers of locomotive 
development comes George Stephenson. He was at this 
time employed at the Killingworth Colliery, and had care- 
fully watched the working of Hedley's engines since their 
first introduction on the Wylam Railway. 

In 1814 a locomotive built under Stephenson's super- 
vision was turned out of Killingworth Works. It was made 
on the lines adopted by Hedley, and had vertical cylinders 
and toothed-gearing communicating the motion to the 
driving-wheels. The engine was capable of drawing eight 
loaded waggons weighing 30 tons up an incline of 1 in 450 at 
the rate of four miles an hour ; its average speed was, how- 
ever, only three miles an hour. After a year's trial the loco- 
motive was found to compare unfavourably with horse- power 
in point of economy, and altogether the results of its working 
are said not to have been so good as those of Hedle/s or 
Murray's engines. 

In 1815 Stephenson constructed another engine (illus- 
trated in Fig. 7). It also had vertical cylinders; these 
were immersed in the boiler, one at each end. Each piston- 
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rod was connected to the centre of a long cross-head or arm, 
stretching right across the whole width of the engine, and 
connected by rods to cranks fixed to each wheel. It was 
intended to employ coupling-rods working on crank axles, 




Fig. 7. 

but this idea was abandoned, and the wheels were coupled 
by an endless chain. 

Some years after, the Killingworth engines were im- 
proved and simplified in several details. They were mounted 
on springs, and the wheels coupled by outside connecting- 
rods. 

During the ten years succeeding 1815, no great strides 
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were made in the development of the locomotive, but its 
practical application was an accomplished fact, for steam 
locomotive engines were actually working in lieu of horses 
on various colliery lines. They were, however, of such clumsy 
construction, and had so many defects, that their superiority 
to horse-power, either as regards utility or economy, was by 
no means established. 

Nevertheless, during this period the locomotive question 
was exercising the minds of many engineers, and a variety 
of designs were brought out. These appear to have 
chiefly related to proposals for constructing steam land- 
carriages, as they were called, for working on ordinary 
roads. Several of these proposals were carried into effect 
with more or less success, but the final result of all experi- 
ments was to show that locomotives that ran on railway lines 
were the only kind likely to prove of any practical value. 

Still, some of these land-carriages display great ingenuity 
on the part of their inventors, and although perhaps they 
had not much to do with the subsequent development of 
the locomotive, they may be touched upon as interesting, 
because they show the ideas people had on this question at 
the time. 

In 1821 Julius Griffiths, of Brompton, Middlesex, con- 
structed a steam-coach. The body of the carriage, which 
was guided by a lever acting on the fore-wheels, was to carry 
passengers and goods; whilst the active machinery — con- 
sisting of two vertical cylinders, a boiler with metal pipes, 
furnace, condenser, and other appendages — was situated in 
the rear of the conveyance. The power was communicated 
by rods connected with toothed-wheels geared to the hind- 
wheels. It is a question whether this engine was ever brought 
to a sufficient stage of completion to make a run at all. 

Messrs. Burstall & Hill, of London, constructed a steam- 
coach (Fig. 8), which was made the subject of various 
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experimental trials. The greatest speed attained was froni 
three to four miles an hour, and there were repeated failures 
through defects in the boiler. The general arrangement of 
the machinery of this engine was the same as that of the 
" Perseverance," which was entered by Mr. Burstall for the 
Rainhill contest in 1829. The following description appears 
in an old number of the Edinburgh Journal of Science — 




Fig. 8. 



"A represents the boiler, which is formed of a stout 
cast-iron or other suitable metal flue, enclosed in a 
wrought-iron or copper case, as seen in section, where 
A is the place for fuel, and a a a are parts of the flue, 
the top being formed into a number of shallow trays or 
receptacles for containing a small quantity of water in a 
state of being converted into steam, which is admitted from 
the reservoir by a small pipe. B is the chimney, arising 
from the centre flue; at D are the two cylinders, one 
behind the other, which are fitted up with pistons and 
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valves, or cocks, in the usual way for the alternate action 
of steam above and below the pistons. 

"The boiler being suspended on springs, the steam is 
conveyed from it to the engines through the helical pipe 
r, which has that form *given to it to allow the vibration of 
the boiler without injury to the steam joints. E is the 
cistern containing water for one stage, say fifty to eighty 
gallons, and is made of strong copper, and air-tight, to sustain 
a pressure of about 60 pounds to the square inch. At e is 
one or more air-pumps, which are worked by the beams 
(F F) of the engines, and are used to force air into the 
water vessel, that its pressure may drive out, by a convenient 
pipe, the water into the boiler at such times and in such 
quantities as may be wanted. The two beams are con- 
nected at one end by the piston-rods, and at the other with 
rocking standards (HH). At about quarter of the length 
of the beams from the piston-rods are the two connecting- 
rods, gg^ their lower ends being attached to two cranks 
formed at angles 90 degrees from each other on the hind 
axle, giving, by the action of the steam, a continued rotary 
motion to the wheels, without the necessity of a fly-wheel. 
The four coach-wheels are attached to the axles nearly as 
in common coaches, except that there is a ratchet-wheel 
formed upon the back' part of the nave with a box wedged 
into the axle containing a dog or pall, with a spring on the 
back of it, for the purpose of causing the wheels to be 
impelled when the axle revolves, and at the same time 
allowing the outer wheel, when the carriage describes a 
curve, to travel faster than the inner one, and still be 
ready to receive the impulse of the engine as soon as it 
comes to a straight course. 

" The patentees have another method of performing the 
same operation, with the further advantage of backing, the 
coach when the engines are backed. In this plan the naves 
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are cast with a recess in the middle, in which is a double 
bevel clutch, the inside of the nave being formed to 
correspond. The clutches are simultaneously acted upon 
by connecting levers and springs, which, according as they 
are forced to the right or left, will enable the carriage 
to be moved forward or backward. 

" To the fore naves are fixed two cylindrical metal rings, 
round which are two friction bands, to be tightened by a 
lever convenient for the foot of the conductor, and which 
will readily retard or stop the coach when descending hills. 
K is the seat of the conductor, with the steering-wheel (L) 
in the front, which is fastened on the small upright shaft 
(I), and turns the two bevel pinions (2), and the shaft (3), 
wilh its small pinion (4), which, working into a rack on the 
segment of a circle on the fore carriage, gives full power to 
place the two axles at any angle necessary for causing the 
carriage to turn on the road, the centre of motion being 
the perch-pin (I). 

" The fore and hind carriage are connected together by a 
perch, which is bolted fast at one end by the fork, and at 
the other end is screwed by two collars, which permit the 
fore and hind wheels to adapt themselves to the curve of 
the road. 

" To ascend steep parts of the road, and particularly when 
the carriage is used on railways, or to drag another behind 
it, greater friction will be required on the road than the two 
hind wheels will give, and there is therefore a contrivance to 
turn all the four wheels. This is done by a pair of mitre 
wheels (4), one being on the hind axle, and the other on the 
longitudinal shaft (6), on which shaft is a universal joint, 
directly on the perch-pin (I) at (7). This enables the small 
shaft (7) to be turned, though the carriage should be on the 
lock. At one end of the shaft (7) is one of a pair of bevel 
wheels^ the other being on the fore axles, which wheels are 
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in the same proportion to one another as the fore and hind 
wheels of the carriage are, and this causes their circum- 
ference to move on the ground at the same speed. 

"The patentees, by a peculiar construction of boiler, 
intend to make it a store of caloric ; they propose to heat 
it from 250 to 500 or 800 degrees Fahrenheit, and by 
keeping the water in a separate vessel, and only applying it 
to the boiler when steam is wanted, they hope to accomplish 
that great desideratum in the application of steam to 
common roads, of making just such a quantity of steam as 
is wanted, so that when going down-hill, where the gravitating 
force will be enough to impel the carriage, all the steam 
and heat may be saved, to be accumulating and given out 
again at the first hill or bad piece of road, when, more being 
wanted, more will be expended. 

"The engines are what are called high-pressure, and 
capable of working to lo-horse power, and the steam is 
purposed to be let off into an intermediate vessel, that the 
sound emitted may be regulated by one or more cocks." 

In 1824 Mr. W. H. James brought out designs for a 
steam-carriage, and in 1826 Mr. Goldsworth constructed 
one. This latter actually made several journeys at the 
ordinary speed of stage-coaches. The motive power was 
partly from propellers and partly from a cranked axle on 
the hind wheels. 

An interesting specimen of a steam-coach was built by 
Mr. David Gordon about this time, of which an illustration 
is given in Fig. 9. It was worked entirely by propellers, 
which were supposed to act in the same way as the hind- 
legs of a horse, being alternately forced out against the 
ground backwards, and drawn up again. The front wheels 
were actuated by a hand steering-gear. The propellers 
were driven off a six-throw crank in the body of the 
carriage. The rods of the propellers were iron tubes filled 
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with wood **to combine lightness with strength" I Other 
steam-coaches were brought out about this period, but 
probably the reader thinks enough time has already been 
given to the recital of these crude ideas, which to us, with 
our knowledge of the development of the seventy years 
that followed, and the present perfection of railway 
locomotives, seem childish. We must remember, however, 
that the inventors of these wonderfully-conceived land- 
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carriages had no such previous experience to guide them, 
and give them at any rate the credit of their inventive 
genius, which. was of a strikingly original character. 

Again at the close of the nineteenth century we have 
with us as a novelty a '* self-moving land-carriage," in the 
form of the modern "motor-car,'' and it is particularly 
interesting to look at this picture of what we may call the 
"motor-car'' of seventy or eighty years ago. 

We shall not again touch on the question of road loco- 
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motives, so it may not be out of place here to compare 
** Gordon^s '* road coach with an illustration of a modern 
motor-car, made by the Daimler Motor-Car Company, who 
gained the prize for the best motor-car at the Royal 
Agricultural Show at Birmingham in 1897. 




Fig. 9A. 

The illustration, Fig. 9A, shows a phaeton fitted with a 
Daimler motor of 5 J B.H.P., and constructed to seat four 
persons. The motor itself is an engine of the gas-engine 
type, driven by petrol vapour, and has a cylinder surrounded 
by the usual water-jacket, an ignition-tube, exhaust-valve, 
and all the machinery of an ordinary gas-engine. 
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The power is transmitted from a fly-wheel to the driving- 
gear by means of a friction-clutch. The motor, once 
started, is kept running, and the power is communicated to 
the driving-shaft by putting the friction- clutch into gear. 

The driving-gear is coupled on to the axle by means of 
an endless chain, and here we have history repeating itself, 
as this is precisely the method employed by Stephenson in 
1815 for coupling up the wheels of the engine illustrated 
in Fig. 7. 

The relative sizes of the two wheels connected by the 
chain to a great extent regulate the speed and power of the 
engine. The maximum speed maintained by a road motor- 
car is about seventeen miles per hour, and the cost of 
working is said to be f^. per mile. The carriage is provided 
with two brakes, one worked by hand, and one by a foot 
lever underneath the driver's seat. 

Having given these two illustrations of the road carriages 
of 1825 and 1899, we will resume the history of what we 
may call the legitimate locomotive. 

We now come to the time when Timothy Hackworth's 
name first comes to the fore in connection with the 
locomotive. He was originally employed on the Wylam 
Railway, and had personally assisted in the construction of the 
"Puffing Billy." In 1824 he was manager of Stephenson's 
locomotive factory at Newcastle, and in June 1825 was 
appointed manager of the Stockton and Darlington Railway, 
which was opened for passenger and goods traffic in 
September of that year, an important date in the history 
of railways and locomotives. To Mr. Edward Pease of 
Stockton belongs the honour of bringing this undertaking 
to a successful issue. The opposition to railways at the 
commencement of their career is now a matter of history, 
and we can only look back with astonishment at the short- 
sightedness of our grandfathers ; yet we must remember that 
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the views of the general public were guided by persons who 
were supposed to be experts in engineering science, the 
majority of whom, in their narrow-minded ignorance and 
lack of enterprise, did all they could to stamp as folly the 
ideas of such men as George Stephenson and the other 
early promoters of railways and steam locomotion. 

Adverting to the opening of the Stockton and Darlington 
Railway, which took place in September 1825, Mr. Henry 
Pease's speech at the jubilee celebration fifty years after may 
be quoted. He said — " The scene on the morning of that 
day sets description at defiance. Many who were to take 
part in the event did not the night before sleep a wink, and 
soon after midnight were astir. The universal cheers, the 
happy faces of many, the vacant stare of astonishment of 
others, and the alarm depicted on the countenances of some, 
gave variety to the picture. 

"At the appointed hour the procession went forward. 
The train moved off at the rate of from ten to twelve 
miles an hour with a weight of eighty tons, with one engine. 
No. I, driven by George Stephenson himself; after it six 
waggons loaded with coals and flour; then a covered 
coach containing directors and proprietors ; next twenty-one 
coal-waggons fitted up for passengers, with which they 
were crammed ; and lastly, six more waggons loaded with 
coals. 

"Off started the procession with the horseman at its 
head. A great concourse of people stood along the line. 
Many of them tried to accompany it by running, and some 
gentlemen on horseback galloped across the fields to keep 
up with the engine. The railway descending with a gentle 
incline towards Darlington, the rate of speed was conse- 
quently variable. At a favourable part of the road, Stephenson 
determined to try the speed of the engine, and he called 
upon the horseman with the flag to get out of the way, and 



20 BRITISH LOCOMOTIVES. 

Stephenson put on the speed to twelve miles, and then to 
fifteen miles an hour, and the runners on foot, the gentlemen 
on horseback, and the horseman with the flag were soon left far 
behind. When the train reached Darlington, it was found that 
450 passengers occupied the waggons, and that the load of 
men, coal, and merchandise amounted to about ninety tons.'* 

The line, after being opened, was worked partly by 
stationary engines and horse-power, but chiefly by five loco- 
motives, of which four were from Stephenson's factory. 
After an experience of two years, it was still a matter of dis- 
cussion which method was the most satisfactory and econo- 
mical ; and it is said that in 1827 a proposition was before 
the directors to abandon locomotives altogether in favour of 
horse traction. In this year Hackworth had in the shops 
one of the company's locomotives constructed by Wilson of 
Newcastle, and he set to work to alter and improve it. This 
engine, of which Fig. 10 is an illustration, was turned out 
in its re-built state in October 1827. It was called the 
** Royal George," and is the first example of a six wheels 
coupled engine. The vertical cylinder is still retained, but 
is inverted, and drives downwards direct on to the crank- 
pin of the driving-wheels (in this case the trailing-wheels), 
whereas the gear generally is of much simpler construction. 
The engine, which was capable of drawing heavier loads 
than had hitherto been attempted, and did serviceable work 
on the railway, also had the exhaust steam turned into the 
chimney for the purpose of increasing the draught in the fire- 
box. This is another very important feature in locomotive 
development, as we have here, for the first time in actual use, 
the "blast-pipe," which has been described as the "life 
breath " of the high pressure locomotive. 

The engine has thus been fully described in Mr. Colburn's 
book on Locomotive Engineering: — " The boiler was a plain 
cylinder, 13 ft. long and 4 ft. 4 in. in diameter. The 
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return flue of the Wylam engines was adopted, and a liberal 
amount of heating surface thus obtained. There were six 
coupled wheels, 4 ft. in diameter, and the cylinders, which 
were placed vertically at the end opposite to the fire-place, 
were 11 in. in diameter, the stroke of the pistons being 
20 in.; the piston-rods worked downwards, and were con- 
nected to the first pair of wheels. These were without 




Fig. 10. 

springs, so that the pistons should not jump the engine up 
and down, but the middle and back pairs of wheels carried 
their load through stout springs. 

" Separate smoke-boxes had not then been provided, and 
the orifices of the exhaust steam pipes opened into the 
chimney 4 ft. or 5 ft. above the bend. In the single-flue 
Stephenson engines, the part of the chimney between the 
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bend and the mouth of the exhaust-pipe was often red-hot. 
The * Royal George ' had a cistern into which a portion of 
the exhaust steam could be turned to heat the feed-water ; 
it had also short stroke force pumps worked by eccentrics, 
adjustable springs instead of weights upon the safety-valves, 
and a single lever reversing-gear. Most, if not all, of these 
features were novelties first introduced in this engine. Its 
maximum performance was that of drawing thirty-two loaded 
waggons, weighing about 130 tons, at the rate of five miles 
an hour on the level portions of the line, the speed increas- 
ing on gentle descents to nine miles an hour. Its ordinary 
load in summer was twenty-four loaded waggons, weighing 
100 tons; returning with thirty empty waggons weighing 
forty-five tons, with which load it ascended gradients varying 
from I in 450 to I in 100. 

" In Messrs. Rastrick and Walker's report to the directors 
of the Liverpool and Manchester Railway, March 7, 1829, 
it was stated, upon the authority of Mr. Robert Stephenson, 
that this engine had drawn 48f tons of goods (exclusive of 
waggons) for a distance of 2500 yards, rising 10 ft. per 
mile, and descended again, the average rate of speed over 
the whole distance both ways being 11*2 miles per hour. 
Messrs. Rastrick and Walker gave the weight of the engine 
and tender taken together as fifteen tons, and stated its 
regular summer load to be 71 J tons on a level at five miles 
an hour. Estimating, erroneously no doubt, that the tractive 
force of the engine was inversely proportional to its speed, 
they considered it capable of drawing only 28J tons regularly 
at ten miles an hour." * 

* The Locomotive^ by Colburn, p. 21. 



CHAPTER II. 

THE RAINHILL CONTEST AND SUBSEQUENT DEVELOPMENT. 

We are now approaching the date of the famous contest 
at Rainhill, which took place in the year 1829. 

Prior to this date, the question of carrying merchandise 
and passengers upon a railway by steam locomotives was 
certainly not universally recognized as likely to be brought 
into general use, either as a practical convenience or a 
commercial success. Writing on the subject about this 
time, the Quarterly Review said — *'As to those persons 
who speculate on making railways general throughout the 
kingdom, and superseding all the canals, all the waggons, 
mails, stage-coaches, post-chaises, and, in short, every other 
mode of conveyance by land and by water, we deem them 
and their visionary schemes unworthy of notice. The gross 
exaggerations of the locomotive steam-engine (or, to speak in 
plain English, the steam-carriage) may delude for a time, 
but must end in the mortification of those concerned. We 
should as soon expect the people to suffer themselves to be 
fired off upon one of Congreve's ricochet rockets, as trust 
themselves at the mercy of such a machine going at such a 
rate.'' 

This being a fair sample of the opinion of the country, it 
is not to be wondered at that the promoters of the Liverpool 
and Manchester Railway, which was projected in 1822, had 
to cope with the most strenuous opposition. Stephenson 
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had to go before Parliamentary Committees, and was alter- 
nately abused and derided for his supposed fanaticism on 
the subject of railways and locomotives. The self-taught 
mechanic, however, gave a good account of himself, not- 
withstanding the gibes of the learned and astute persons, 
who vied with each other in their endeavours to bring 
ridicule upon one whom they considered uneducated and 
illiterate. It is, however, interesting to compare the fore- 
sight of this supposed ignorant individual with the wisdom 
of the learned counsel, who, in summing up the case, de- 
clared — " I say there is no evidence upon which the Com- 
mittee can safely rely, that upon an average more than 3J 
or 4^ miles an hour can be done. Consider the nature of 
the engine : it consists in part of a large iron boiler, and the 
elastic force of steam is the moving force, and that depends 
upon the quantity of heat ; the water is enclosed in a boiler 
of iron, a most rapid conductor of heat, and which must 
move in storms of snow, in storms of rain, and during times 
of frost. At all those times it will be extremely difficult to 
keep up the elastic force of steam ; I do not say impossible, 
but extremely difficult." 

However, eventually the Liverpool and Manchester Rail- 
way was completed in the year 1829, and yet the system of 
tractive force to be employed upon the line was undecided. 
Indeed, in the spring of that year, the directors were upon 
the point of adopting fixed engines and ropes, but were in- 
duced by two or three members of their board to make a 
further and conclusive trial of locomotives. 

On April 20, 1829, they decided to offer a prize of ;^5oo in 
open competition for the best locomotive that could be pro- 
duced for working the traffic on their railway. On April 25, 
1829, this offer was made public, and the following is a copy 
of the notice issued stipulating the conditions to which the 
locomotives submitted for trial were required to conform. 
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** Railway Office, Liverpool. 
** April 2$, 1829. 

"STIPULATIONS AND CONDITIONS 

On which the Directors of the Liverpool and Manchester 
Railway offer a premium of ;^5oo for the most improved 
locomotive engine. 

" I. The said engine must effectually consume its own 
smoke, according to the provisions of the Railway Act, 7th 
George IV. 

*' 2. The engine, if it weighs six tons, must be capable of 
drawing after it day by day, on a well-constructed railway on 
a level plane, a train of carriages of the gross weight of 
twenty tons, including the tender and water-tank, at the 
rate of ten miles an hour, with a pressure of steam in the 
boiler not exceeding 50 lbs. on the square inch. 

" 3. There must be two safety-valves, one of which must 
be completely out of the reach or control of the engine-man, 
and neither of which must be fastened down while the 
engine is working. 

" 4. The engine and boiler must be supported on springs 
and rest on six wheels ; and the height from the ground to 
the top of the chimney must not exceed 15 ft. 

** 5. The weight of the machine with its complement of 
water in the boiler must, at most, not exceed six tons, and a 
machine of less weight will be preferred, if it draw after it a 
proportionate weight ; and if the weight of the engine, &c., 
do not exceed five tons, then the gross weight to be drawn 
need not exceed fifteen tons, and in that proportion for 
machines of still smaller weight ; provided that the engine, 
&c., shall still be on six wheels, unless the weight (as above) 
be reduced to 4 J tons or under, in which case the boiler, &c., 
may be placed on four wheels. And the Company shall be at 
liberty to put the boiler, fire-tube, cylinders, &c., to the test 
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of a pressure of water not exceeding 150 lbs. per square 
inch, without being answerable for any damage the machine 
may receive in consequence. 

"6. There must be a mercurial gauge affixed to the 
machine with index-rod, showing the steam pressure above 
45 lbs. per square inch, and constructed to blow off at a 
pressure of 60 lbs. per square inch. 

" 7. The engine to be delivered complete for trial at the 
Liverpool end of the railway not later than the ist of 
October next. 

" 8. The price of the engine which may be accepted not 
to exceed ;^55o, delivered on the railway, and any engine 
not approved to be taken back by the owner. 

** N.B. — The Railway Company will provide the engine- 
tender with a supply of water and fuel for the experiment. 
The distance between the rails is 4 ft. 8 J in." 

Immediately before the trial the judges issued these 
instructions — 

"TRIAL OF THE LOCOMOTIVE ENGINES ON THE 
LIVERPOOL AND MANCHESTER RAILWAY. 

" The following is the ordeal which we have decided each 
locomotive shall undergo, in contending for the premium of 
;^5oo at Rainhill — 

" The weight of the locomotive engine with its full com- 
plement of water in the boiler shall be ascertained at the 
weighing-machine by eight o'clock in the morning, and the 
load assigned to it shall be three times the weight thereof. 
The water in the boiler shall be cold, and there shall be no 
fuel in the fire-place. As much fuel shall be weighed, and 
as much water shall be measured and delivered into the 
tender-carriage as the owner of the engine may consider 
sufficient for the supply of the engine for a journey of thirty- 
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five miles. The fire in the boiler shall then be lighted, and 
the quantity of fuel consumed for getting up the steam shall 
be determined, and the time noted. 

" The tender-carriage, with the fuel and water, shall be 
considered to be, and taken as part, of the load assigned to 
the engine. 

"Those engines which carry their own fuel and water 
shall be allowed a proportionate deduction from their load, 
according to the weight of the engine. 

** The engine, with the carriages attached to it, shall be 
run by hand up to the starling-post, and as soon as the 
steam is got up to 50 lbs. per square inch, the engine shall 
set out upon its journey. 

" The distance the engine shall perform each trip shall 
be ij miles each way, including ^ mile at each end, one 
for getting up the speed, and the other for stopping the 
train ; by this means the engine with its load will travel i J 
miles each way at full speed. 

" The engine shall make twenty trips, which shall be equal 
to a journey of thirty-five miles, thirty miles whereof shall be 
performed at full speed, and the average rate of travelling 
shall not be less than ten miles an hour. 

" As soon as the engine has performed this task (which 
shall be equal to the travelling from Liverpool to Man- 
chester), there shall be a fresh supply of fuel and water 
delivered to her ; and as soon as she can be got ready to 
set out again, she shall go up to the starting-post and make 
twenty trips more, which will be equal to the journey from 
Manchester back again to Liverpool. 

" The time of performing every trip shall be accurately 
noted, as well as the time occupied in getting ready to set 
out on the second journey. 

" Should the engine not be enabled to take along with it 
sufficient fuel and water for the journey of twenty trips, the 
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time occupied in taking in a fresh supply of fuel and water 
shall be considered, and taken as a part of the time in 
performing the journey. 

"J. U. Rastrick, C.E., Stourbridge. ) 

NiCHOiJVS Wood, C.E., Killingworth. ? Judges. 

John Kennedy, Manchester. ) 

^* Liverpool, October 6, 1829." 

The competition was arranged to commence on October 
6, 1829, and on the result depended the decision of the 
important question of the motive power to be used for 
working the new Liverpool and Manchester Railway. 

The following is a list of the competitors ready to enter 
the field on the date named — 

No. I. Messrs. Braithwaite and Erricson, of London. 

The "Novelty": weight, 2 tons 15 cwt. 
No. 2. Mr. Timothy Hackworth, of Darlington. 

The " Sanspareil " : weight, 4 tons 8 cwt. 2 qrs. 
No. 3. Mr. Robert Stephenson, of Newcastle-upon-Tyne. 

The " Rocket " : weight, 4 tons 3 cwt. 
No. 4. Mr. Brandrith, of Liverpool. 

The *' Cyclopede " : weight, 3 tons, worked by a 
horse. 
No. 5. Mr. Burstall, of Edinburgh. 

The " Perseverance *' : weight, 2 tons 17 cwt. 
The engines may be thus briefly described — 
No. I. The "Novelty** (which- is illustrated in Fig. 11) 
was a tank-engine carrying its own supply of fuel and feed- 
water. It had four wheels, each 4 ft. 2 in. in diameter, 
intended to be coupled by a chain, which was, however, not 
used during the trial. There were two vertical cylinders 6 in. 
in diameter and 12 in. stroke, fixed on to the framing, and 
the motion was communicated to the driving-wheels under- 



THE RAINHILL CONTEST. 



29 



neath ihem. The pistons worked through the top of the 
cylinder cover on to cross-heads, which were connected to rods 
by bell cranks. These latter were connected by other rods to 
a crank axle on one pair of wheels. The boiler was rather 
a complicated affair : partly vertical, and partly horizontal ; in 
the vertical portion was the fire-grate, surrounded by water 
space. The ash-pan was air-tight, forced draught being pro- 
duced by a pair of bellows worked by the engine. The fire 
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was fed from the top (as in old-fashioned coke stoves), and 
the gases generated were conveyed by a tortuous pipe, about 
36 ft. long, through the horizontal part of the boiler to the 
chimney. 

No. 2. The "Sanspareil" (illustrated in Fig. 12) was a 
four-wheeled, coupled engine with two vertical cylinders, 7 in. 
diameter and 18 in. stroke, working on to the wheels under- 
neath them by an ordinary piston, cross-head, and connecting- 
rod. The boiler was cylindrical, 4 ft. 2 in. in diameter and 
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6 ft long, with two large flues, in one of which the grate was 
placed, the flames returning to the chimney through the 
other. The chimney and fire-hole door were both at the 
same end of the boiler, the cylinders being at the opposite 
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end. The wheels were 4 ft. 6 in. in diameter, and were 
coupled by an ordinary coupling-rod. 

No. 3. The " Rocket " (illustrated in Fig. 13) was a four- 
wheeled engine, mounted on springs. The driving-wheels 
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were 4 ft. 8J in., and were at the leading or front end of the 
engine. They were connected by rods to the cross-heads 
on the piston-rods of outside cylinders, which were fixed to 
the boiler near the fire-box in an inclined position. The 
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cylinders were 8 in. in diameter, and the stroke 16 J in. 
The exhaust steam was turned into the chimney. The 
boiler was cylindrical, 6 ft. in length, with twenty-five 3-inch 
copper tubes in the lower half of it. At one end was a rec- 
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tangular fire-box, with water space at the top and sides, the 
chimney being at the other end. The communication 
between the water space round the fire-box and the boiler was 
by external pipes. This was, therefore, the first introduction 
of the principle of the locomotive boiler in its present 
form. 

No. 4. The " Cyclopede '* was disqualified from entering 
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the competition, as the motive power employed did not 
agree with the " stipulations " and " conditions." The idea 
of the machine (of which a sketch is given in Fig. 14) was, 
however, thoroughly original. The horse, which was .to 
provide the motive power, was yoked to a frame, and under- 
neath its feet was a kind of endless belt made of planks. 
The unfortunate beast had to trot along on these planks, 
which worked round drums geared to the driving-wheels, 
and thus impart motion to the vehicle in treadmill fashion 
without moving out of his stall 
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No. 5. The " Perseverance '* was, in the details of its 
machinery, akin to Messrs. Burstall and HilFs steam-coach, 
described previously. This engine was found unfit to take 
part in the contest, the highest speed it could attain being 
five or six miles an hour. 

The trials were made on a level piece of line, i J miles 
long, at Rainhill, near I^iverpool ; J mile being allowed at 
each end of the run for getting up and slackening speed. 
It was arranged that each engine should run twenty times 
each way over the course, in two sets of ten double trips. 
This was to correspond with a journey from Liverpool to 
Manchester and back. The observations of speed were 
confined to the distance between the posts, i J miles apart, 
neglecting the overlapping ends of the course for starting 
and stopping. 

The " Rocket " was the first engine tried. Its load was 
two waggons of stones weighing altogether 9 tons 10 cwt. 
3 qrs. 26 lbs., the total moving weight being 17 tons. The 
engine pushed the waggons in one direction and drew them 
in the other. The first ten double trips were accomplished 
without mishap at an average speed of 13*42 miles an hour 
between the posts, the highest speed attained being 21*43 
miles an hour. The average speed while drawing was 14*43, 
and while propelling 12*54 miles an hour. 

The engine then entered on the second series of trips, 
which were again safely accomplished with the following 
results — 

Average speed between mile posts, 14*2 miles an hour. 
„ „ while drawing train, 15*73 „ „ 

„ „ „ propelling train, 12-93 „ „ 

Maximum speed attained, 24 miles an hour. 

The "Novelty" was tried on October 10. After 
making two runs in each direction, some part of the boiler 
joints gave way, and the engine had to be stopped. The 

D 
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average speed maintained between the posts was 14! miles 
an hour. The total moving weight of engine and train 
was 10 tons 14 cwt o qrs. 14 lbs. 

In the trial of the ** Sanspareil," on October 13, the 
total weight of engine and train was 19 tons 2 cwt. No 
sooner had the engine started than one of the cylinders 
cracked, which caused it to work under considerable dis- 
advantage. After running 22^ miles between the posts, the 
pumps supplying the feed-water failed, and this disaster 
brought to an end the experiment so far as the " Sanspareil " 
was concerned. Had it not been for these mishaps, which 
were after all of a purely accidental character, the engine 
might have proved a formidable rival to the " Rocket." The 
average speed maintained between the posts was 13*88 
miles an hour; 15^ while drawing and 12*4 while pro- 
pelling the load. The highest speed attained was 17-47 
miles an hour. 

Thus the famous Rainhill contest resulted in a victory for 
the " Rocket," which settled once and for all the much- 
debated question of the adaptability of steam locomotives to 
the purposes of working railways. 

Having briefly sketched the history of the locomotive up 
to the important epoch marked by the success of the 
" Rocket " at the Rainhill contest, it will be as well to note 
the improvements that have gradually been effected from 
that date up to comparatively recent times. 

To show the difference in the requirements of modern 
engines as compared with the early practice on the Liver- 
pool and Manchester Railway, it may be here mentioned 
that in 1834, the trains run on that line weighed on an 
average, exclusive of engine, about 47 tons, and ran at a 
speed of twenty miles an hour. 

The weight of a London and North-Westem express 
train of the present day frequendy exceeds 250 tons, and 
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this weight has to be run through the country, mile after mile, 
on many parts of the line at a speed of sixty miles an hour. 

The first engines used for working the traffic on the 
Liverpool and Manchester Railway were of the same type 
as the " Rocket," but were larger and heavier. They 
weighed from 6J to 7 tons, had 5 ft. driving-wheels, with 
larger cylinders and a longer stroke. They also had outside 
cylinders fixed to the fire-box end, as had the original 
"Rocket," but not so much inclined. These engines had 
ninety 2-in. tubes in the boiler, and were fitted with a 
smoke-box. The boiler pressure was 50 lbs. to the square 
inch. 

In 1830 Timothy Hack worth designed an engine for the 
Stockton and Darlington Railway, which embodied certain 
improvements now recognized as vital principles in the 
construction of modern express passenger engines. The 
cylinders, which were placed inside and worked on to a 
cranked axle, were horizontal, thus doing away with the 
unsteadiness caused by the depressing and lifting of the 
springs at every stroke of the piston, which occurred with 
inclined or vertical cylinders. The engine was also fitted 
with a steam dome. This was spherical in shape, and gave 
the name to the engine, which was called "The Globe." 
This engine is said to have attained a speed of fifty miles 
an hour, upon a level road with a load of twelve waggons. 
It was, however, destined to come to an untimely end, as 
the boiler exploded at Middlesbro'-on-Tees in 1839. 

In 1830 there were three types of horizontal inside 
cylinder engines at work — 

The "Liverpool," by Mr. Jas. Kennedy, commenced 
work on July 22, 1830, on the Stockton and Darlington 
Railway. 

The " Planet," by Messrs. Stephenson, commenced work 
Oct. 4, 1830, on the Liverpool and Manchester Railway. 
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The " Globe," by Timothy Hackworth, commenced work 
on the Stockton and Darlington Railway shortly after the 
" Planet " on the Liverpool and Manchester Railway. 

The "Liverpool" had four coupled 6 ft. wheels, the 
largest diameter yet employed, and horizontal cylinders 
side by side. It was actually at work on the line before 




Fig. 15. 

the other two, although Hackworth first made designs for a 
locomotive on this system. 

The "Planet "was the first engine which combined all the 
following improvements — 

Horizontal cylinders. 

Cylinders encased in smoke-box. 

Multitubular boiler. 

It may therefore be taken as the first locomotive definitely 
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representing the principles, and indeed many of the more 
important details, which have been adhered to with very 
slight alteration up to the present day. Fig. 15 illustrates 
an engine built by Fenton in 1834, and may be taken as a 
general type of the " Planet " class. 

The subsequent ideas of various locomotive engineers, 
and the gradual structural developments succeeding this 
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date, cannot be better understood than by referring to the 
sketches given and the accompanying notes — 

1833. Richard Robert's locomotive (shown in Fig. 16). 
This engine had outside vertical cylinders connected on 
each side by cross-heads and side-links to bell crank levers, 
transmitting the power to the driving-wheels. One of these 
engines was worked upon, the Liverpool and Manchester 
line, and three on the Dublin and Kingstown Railway. 
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In the same year, Carmichael of Dundee also built an 
engine with vertical cylinders, connected on each side by 
cross heads and side links to bell crank levers, the power 
being transmitted to the driving-wheels in the same way as 
shown in the previous illustration. 

Carmichaers engine, however, is interesting, because it 
embodies the first idea of a bogie. The trailing end of the 
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engine was carried on a four-wheeled bogie, with a separate 
carriage and wheel base of its own. 

Although bogies were not brought into general use until 
many years after, and it is only within the last few years that 
modern development in locomotive and carriage building 
has rendered their use an actual necessity, on account of 
the" great increase in the structural length of engines and 
vehicles, it is an undoubted fact that so far back as the 
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year 1833 an engine was actually built that had one end 
carried on a bogie. 

1834. Forrester's locomotive (shown in Fig. 17). It had 
six wheels, single driving-wheels, outside horizontal cylin- 
ders, and outside cranks some distance from the face of 
the wheels, which caused unsteadiness in running, as the 
wheels were not balanced (see p. 196). 

1835. Bury's engine (Fig. 18). This engine had 5 ft. 




Fig. 18. 



driving-wheels, and a round-backed, dome-shaped fire-box. 
There were still some of these engines employed in hauling 
materials about Crewe Works only a few years ago. 

In 1836 Mr. T. E. Harrison (who was subsequently 
chief engineer of the North-Eastern Railway) patented an 
engine, the idea of which was to carry the boiler on a 
separate carriage from the cylinders and driving gear ; and 
Messrs. Hawthorn, in 1837, constructed two engines on this 
plan for Brunei. The engine piston acted on a fly-wheel, 
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which communicated the motion to the 6 ft. driving-wheels 
by spur gearing. Messrs. Hawthorn constructed a second 
engine, called the " Hurricane," on the same plan, but in 
this case the piston acted direct on a pair of lo ft. driving- 
wheels. 

The last three engines mentioned never really got beyond 
the experimental stage, and from 1835 to 1845, although 
there was a continual advance in the weight and speed of 
locomotives, there was practically no deviation from the lines 
on which the " Planet " and Bury's engines were constructed. 

During this period many engineers had been at work 
scheming various forms of reversing gear and valve motions 
for the expansive working of steam ; but it was not till 1846 
that the general adoption of variable expansive gear began. 

This important part of the machinery of a locomotive 
will be specially described hereafter ; and we will now pass 
on to the consideration of a few more types of engines 
bridging over the period between the year 1845 and the 
locomotive of the present day. 

In 1846 the heaviest engines on the London and 
Birmingham Railway did not weigh more than 12 J tons, 
and of the ninety engines then possessed by the Company, 
all but one ran on four wheels only. The passenger engines 
had 12 in. cylinders, 18 in. stroke, and 5^ ft. wheels. 
They weighed loj tons in working order, and worked trains 
weighing 42 tons at an average speed of 25 miles an hour. 
In some cases a speed of 50 miles an hour is said to have 
been attained with a train weighing 37 J tons. 

About this date, a special run from Liverpool to Bir- 
mingham and back was made by an engine of this kind 
with the following results — 

Distance, 190 miles. 

Average speed, 29I miles per hour. 

Weight of train, 60 tons (12 carriages). 
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Consumption of coke, 37'! lbs. per mile. 

Evaporation, 57 lbs. of water per lb. of coke burned. 

About the year 1847, Messrs. Sharp, Roberts & Co. com- 
menced building a number of engines of the pattern shown 
in Fig. 19, and this for many years represented a standard 
type of English locomotives. 

In 1847 Mr. F. Trevithick, locomotive superintendent 




Fig. 19. 



of the London and North- Western Railway Works at Crewe 
(the son of the famous Cornish engineer), constructed an 
engine now well known in locomotive history. It was called 
the " Cornwall,'* and had single driving-wheels, 8 ft. 6 in. in 
diameter. Its chief feature was that the axle of the driving- 
wheels was above the barrel of the boiler, the idea being to 
keep the centre of gravity as low as possible, and thus get a 
large boiler area and heating surface, at the same time 
ensuring complete safety in running at high speeds. It was 
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thought at this time by most locomotive engineers that a 
large boiler fixed in the ordinary way made the engine top- 
heavy, and was not compatible with safety in narrow gauge 
engines running at high speeds, an argument which was 
always adduced in favour of the 7 ft. gauge. Trevithick's 
engine had 17^ in. cylinders with a stroke of 24 in. 

Fig. 20 shows the general arrangement and design of the 
engine. The eccentric was on the outside of the driving- 
wheel, being slightly larger in diameter than the throw of 




Fig. 20. 

the crank. The regulator-rod passed over the top of 
the boiler, and entered the smoke-box below the chimney. 
The " Cornwall," as originally constructed, was not a suc- 
cess, and it was subsequently rebuilt at Crewe, and fitted 
with an ordinary type of boiler above the axle. It is still 
running on the London and North-Western Railway, al- 
though not able to work main line express trains of the 
present day. Fig. 21 illustrates this engine in its present 
form. 
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The four wheels coupled engine (illustrated in Fig. 22) 
was also designed and built by Trevithick at Crewe Works. 




Fig. 21. 



It had outside cylinders 15 in. x 24 in., and carried a boiler 
pressure of 120 lbs. per square inch. Engines of this class 
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were for many years employed in working the goods traffic 
on the London and North-Western Railway, and some of 
them, known as the old Crewe goods class, are still working 
on the line. They are, however, not powerful enough to 
work modem goods trains, as they only weigh about twenty- 
two tons, and those that survive are chiefly used on local 
passenger trains. A number of these engines were sub- 
sequently rebuilt by Mr. Ramsbottom, and converted into 
tank engines. 
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Fig. 23. 

In 1848 Mr. Crampton brought out a novel locomotive 
called the " Liverpool." This engine excited a good deal 
of attention at the time, and although the type was not 
adopted to any great extent on English railways, still it 
achieved a considerable success in other countries. 

The "Liverpool" had a pair of 8 ft. driving-wheels 
behind the fire-box, with outside cylinders fixed horizontally 
behind the fire box and smoke-box. The cylinders were 
18 in. in diameter with a 24 in. stroke. The engine was 
reckoned equal to a load of 180 tons at fifty miles an hour, 
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and comparing this with the general performance of other 
contemporary engines, it may perhaps claim to have been 
the most powerful of its time. It was certainly the largest 
that had been constructed, but its weight (thirty-five tons) 
played havoc with the inferior permanent way then in use, 
and no doubt this militated against its favourable reception 
by railway engineers. 

It may here be mentioned that in 1847 began the great 
" battle of the gauges," which finally resolved itself into a 
question between 7 ft. and 4 ft. 8 J in., although up to this 
time the gauges of many smaller railways varied in width. 
The following is a list of them — 

FT. IN. 

The Ballochney Line (in Scotland) 46 

The Liverpool and Manchester, Grand Junction, 

London and Birmingham, and other lines, built 

by Messrs. Stephenson 4 8J 

The London and Blackwall, Eastern Counties, 

and Northern and Eastern Lines 50 

The Dundee and Arbroath, and Arbroath and 

Forfar Lines (in Scotland) 56 

The Ulster Railway (in Ireland) 60 

The Great Western Railway 70 

Mr. Brunei, of the Great Western Railway, had built 
engines with 18 in. cylinders, 24 in. stroke, and 8 ft. driving- 
wheels, running on a 7 ft. gauge, but until Trevithick 
brought out the " Cornwall,'' it was thought that nothing 
on this scale was practicable on a 4 ft. 8J in. gauge. It is 
probable that his experiments in the construction of larger 
narrow gauge engines had a great deal to do with the ulti- 
mate decision in their favour. The Great Western Railway, 
however, clung to their 7 ft. gauge, and indeed the splendid 
runs of their West of England express trains, which were 
performed on the broad gauge line till within a year ago, 
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have up to the present time never been surpassed either in 
punctuality or speed. 

The engines recently doing this work were built from the 
designs of Sir Daniel Gooch in April 1846,i and magni- 
ficent engines they were ; but unfortunately there is no longer 
any track on which they can display their powers, for the 
last remnant of the broad gauge line in this country has 
been done away with. There must be but few railway men 
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Fig. 24. 

who can help regretting that such a step has had to be 
taken, but the Great Western Railway Company has been 
forced to it by the absolute necessity of having all railway 
stock in the country interchangeable from line to line. Had 
the requirements of the present day as regards speed and 
power been foreseen in the year 1847, ^^ ^s quite possible 
that broad gauge lines would now have been in the ascend - 
^ The engines of this class working in 1892 were built in the year 185 1. 
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ancy, instead of which the last length of line on which these 
time-honoured services were rendered was swept away in 
May 1892.^ 

The Great Western Railway broad gauge engines of 1846 
(as illustrated in Fig. 24) had single driving-wheels 8 ft. in 
diameter, inside cylinders 18 in. bore and 24 in. stroke. 
The following were their other leading features — 

Fire-grate, 21 sq. ft; fire-box surface, 153 sq. ft. ; number 
of tubes, 305, 2 in. in diameter, 11 ft. 3 in. long; heating 
surface, 1932 sq. ft. The boiler pressure was 120 lbs. per 
square inch. 




Fig. 25. 

The following time-table of the running of the 9.50 a.m. 
ex-Paddington, sixty years ago, will give an idea of the 
work done by the old broad gauge engines — 

Paddington . , depart 9.50 2i.m,\ 

Didcot arrive and depart 10.47 a.m./ 55-7 miles per hour. 

Swindon . . . arrive 11.51 a.m. 5 1 -4 miles per hour. 

^ The last broad gauge train to leave London was the 11.45 a-™* — 
** Flying Dutchman "—on May 20. The conversion of the line from 
broad to narrow gauge occupied thirty-one hours. 
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The most powerful rival this engine had on the narrow 
gauge hnes was the "Bloomer" class, designed by Mr. 
McConnell (the locomotive superintendent of the southern 
division of the London and North-Western Railway) in 1850. 
These engines had i6 in. inside cylinders, with 22 in. stroke 
and 7 ft. driving-wheels. They weighed 28f tons. The fire- 
box had 142 sq. ft. of heating surface, and contained 195 
tubes, 12 ft. long, the heating surface of which was 1152 
sq. ft. The pressure employed was 120 lbs. per square 
inch. An illustration of a "Bloomer" is given in Fig. 25. 

In 1853, powerful broad gauge tank-engines (as illustrated 
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in Fig. 26) were constructed for the Bristol and Exeter 
Railway. The following were their leading features — 

Cylinders, 16J in. bore by 24 in. stroke. 

Single driving-wheels, 9 ft. in diameter. 

Diameter of boiler, 4 ft. oj in. 

Number of tubes, 180, i^ in. diameter, 10 ft. 9 in. long. 

Weight of engine, 42 tons. 

The leading and trailing ends were carried on two trucks 
of four wheels each, 4 ft. in diameter. There were no 
flanges on the driving-wheels. It is reported that an engine 
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of this class has been known to attain a speed of 80 miles 
an hour, and in ordinary working the coke consumed was 
only 2 if lbs. per mile. 

In the year 1858 Mr. Ramsbottom designed and built for 
the London and North- Western Railway Company at Crewe, 
the express passenger engine illustrated in Fig. 27. This 
engine excited a good deal of interest at the time. It 
embodied all the then known improvements in the locomo- 
tive, combined with simplicity, compactness, and, it may be 
said, elegance of design, if such a word can be applied to a 




Fig. 27. 

locomotive ; for this was certainly one of the prettiest engines 
ever built. It was and is still known as the ** Lady of the 
Lake'' class, as one of them bearing that name was ex- 
-hibited at the International Exhibition of 1862 and obtained 
a gold medal. 

The chief features of the engine were — 

Driving-wheels, 7 ft. 6 in. in diameter. 

Leading and trailing wheels, 3 ft. 9 in. in diameter. 

Outside cylinders, 16 in. bore by 24 in. stroke. 

Weight, in working order, 27 tons 5 cwt. 

Grate area, 15 sq. ft.; heating surface, 1068-3 sq. ft. 

£ 
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Many engines of the " Lady of the Lake " class are still 
working on the London and North-Western Railway, and 
are capable of running at as high a speed as any engine 
constructed up to the present time, although not strong 
enough to work heavy passenger trains. It may be 
mentioned that " Marmion," a sister engine to the '* Lady 
of the Lake," ran the Scotch express between London and 
Crewe during the famous race to Scotland between the east 
and west coast routes in the summer of 1888, when the 
train was an exceptionally light one, but the speed required 
was exceptionally high. 

Before the time these engines were built it had become 
generally recognized that locomotives for goods and 
passenger trains required certain different capabilities. The 
former must be able to take heavy loads ; the latter to run 
at high speeds. For a long time, single-wheeled engines 
were generally in vogue for working passenger trains, but the 
adhesion of a single pair of driving-wheels was not sufficient 
to move the goods trains, whose weight gradually increased. 
Some engineers coupled four wheels of medium diameter, 
and used engines of this pattern for mixed goods and 
passenger traffic ; indeed, this practice even now obtains to a 
certain extent. 

It, however, came to be recognized that six coupled 
wheels of smaller diameter gave the best results for working 
heavy goods trains, where power is a greater consideration 
than speed ; and this system is now generally adopted by all 
large railways on which the goods and passenger traffic is 
kept separate. 

Mr. Ramsbottom designed and built an excellent goods 
engine with six coupled wheels (illustrated in Fig. 28), which 
he first put on the line in 1859. 

These have for many years been the standard London and 
North- Western Railway goods engines, though now Mr. 
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Webb has built more powerful and faster engines for work- 
ing the more important goods traffic, and stronger low 
speed engines for the heavy coal trains. 

The chief features of Mr. Ramsbottom's goods engines 
were — 

Weight, in working order, 31 tons 5 cwt. 

Six coupled wheels, 5 ft. in diameter. 

Cylinders, 17 in. diameter by 24 in. stroke. 

Heating surface, 1074-6 sq. ft. ; grate area, 17*1 sq. ft. 




Fig. 28. 

These engines have perhaps done more all-round service in 
the working of goods traffic on a large railway than any 
other class ever built. The London and North-Western 
Railway have 626 of them, of which all the different parts 
are interchangeable. They are known as the DX class. 

In Mr. Ramsbottom's time, his goods and passenger 
engines may fairly be said to have represented the favourite 
types in use throughout the country, although of course there 
were great variations in detail. These engines have since 
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been rebuilt by Mr. Webb and improved in many ways. 
They have larger boilers, and the pressure has been increased 
from 1 20 to 140 and 150 lbs. per square inch, thus greatly 
increasing their power and efficiency. 

During the latter part of his career with the London 
and North- Western Eailway, Mr. Ramsbottom constructed 
passenger engines with four 6 ft. 6 in. coupled wheels and 
inside cylinders. The 7 ft. 6 in. single engines did not 
always work satisfactorily on the Chester and Holyhead Line, 
which is in parts exposed to furious gales, especially along 
the North Wales coast and across the bleak island of 
Anglesea. The high driving-wheels were greatly affected 
by the wind, and the trains were occasionally brought 
completely to a stand. Coupled engines were put on 
this part of the line, and were much more successful in 
combatiny with the special difficulties which arose from 
this cause. 

The history of the locomotive has now been traced down 
to engines in use and doing good work at the present day, 
although of course it must not for a moment be thought that 
all engines that may claim a page in locomotive history have 
been mentioned. The endeavour has been to allude to all 
the most important ones of the early days, when the loco- 
motive, as we know it, was in embryo, and when each 
improvement on the first crude and half-formed ideas was a 
distinct step in the development of the wonderful machine, 
which may be said to have been born in the days of George 
Stephenson. Ever since then it has been gradually growing, 
until it has now reached the prime of life in the shape of the 
magnificent express engines running on our English railways 
to-day. 

After the Liverpool and Manchester Railway was opened 
in 1829, a great many locomotive builders entered the field, 
and it would be impossible to follow all their different ideas, 
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or to enumerate all who have rendered valuable service in 
bringing the locomotive to its present state of perfection. 

During the last half-century the locomotive has steadily 
increased in size, weight, and power, besides being much 
more complicated in detail, but this has been a natural 
growth, as the puny babe in time attains to the vigour of 
manhood. 

Mr. Webb, at the head of those who have been aiming 
at increased efficiency and economy in this direction, has 
made a new and important departure in the introduction 
of compound locomotive engines, which he has successfuly 
adopted for general practice on the London and North- 
western Railway. These will be considered later on, but, 
with this important exception, the vital principles have in 
no way altered ; and though workmanship, detail, and design 
have improved and continue to improve, little of importance 
has been discovered in recent years. 
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CHAPTER III. 

THE ACTION OF THE STEAM IN THE CYLINDER. 

This chapter will be devoted to a simple description of 
the most elementary principles of the steam-engine, in the 
hope of enlightening the non-professional reader as to how 
the power of steam is brought to bear upon, the wheels of 
a locomotive, causing them to revolve, and thus impart 
motive power to the engine. 

It is perhaps unnecessary to state that the boiler is the 
source of stored power where the steam is generated and 
kept in confinement ready for use when required. This 
power is always there so long as steam is up, but it is only 
applied when wanted, and can be turned on to and off from 
the mechanism of the engine by the " regulator," that is to 
say, the valve controlling the exit of steam from the boiler 
to the steam-chest and cylinders. When this valve is 
opened the steam pressure in the boiler is put in direct 
communication with the cylinders, and it is its action in the 
latter which constitutes the whole motive power of the non- 
condensing steam-engine, whether locomotive or otherwise. 

The cylinder, as its name implies, is a cylindrical vessel 
made of cast-iron and bored out perfectly true inside. It is 
closed at each end by covers, and steam is admitted to 
each end alternately to press upon a circular block called 
the piston. The piston is made steam-tight in the cylinder 
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by means of packing rings, and the intermittent action of the 
steam causes it to be kept in motion backwards and forwards, 
from one end of the cylinder to the other. Secured to the 
centre of the piston is the piston-rod, a circular bar of steel 
or iron which passes through the back cylinder cover and 
is made steam-tight by packing secured in a recess in the 
cover called the " stuffing-box." Perhaps one of the most 
familiar forms of cylinder is illustrated by an ordinary 
syringe. The "sucker" is the piston, and the rod to 
which the handle is attached is the piston-rod, the end of 
the barrel of the syringe through which the rod passes 
representing the cylinder cover. Instead of the piston 
being actuated by the handle or piston-rod, as in the 
syringe, it is, in the steam-engine, made to move by the 
introduction of steam into the cylinder. The steam being 
admitted at one end of the cylinder forces the piston to the 
other end, and is then exhausted or let out through the 
same passage through which it entered. At the same time 
steam is admitted at the opposite end of the cylinder and 
forces the piston back again. This process of forcing the 
piston backwards and forwards is indefinitely repeated so 
long as the engine is at work, and thus the motive power is 
communicated to the mechanism of the engine. It will be 
observed that the movement of the piston in the cylinder is 
in a straight line, and before the power thus developed can 
be practically applied, the backwards and forwards straight 
line movement (called a reciprocating rectilineal motion) of 
the piston must be converted into the rotary movement of 
the wheels. For this purpose the connecting-rod and 
crank are employed. The former is a rod coupled at one 
end to the piston-rod, and at the other to the crank. The 
latter is an arm projecting from the axle of the driving- 
\yheel. This arm is at right angles to the axle, and upon it* 
is a pin called the *' crank-pin," which is parallel with the 
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axle, and forms a journal or bearing surface upon which the 
end of the connecting-rod works. The length between the 
centres of the arm is called the *' throw " of the crank, and 
must be just half the distance which the piston is required 
to travel in the cylinder. The crank-pin centre describes a 
circle round the outside of the driving axle, and the diameter 
of this circle, called the " stroke " of the engine, is equal to 
the whole distance travelled by the piston. The connecting- 
rod communicates the pressure on the piston to the cfank- 
pin, and causes it to revolve in a circle round the driving 
axle. This in turn causes the axle itself to revolve, and 
consequently the wheels, which are secured at each end of it. 

Again, to illustrate by familiar every-day examples, the 
lady's treadle sewing-machine and the apparatus of the 
itinerant knife-grinder may be quoted as examples of an 
up-and-down stroke converted into a rotary motion. The 
action of the locomotive connecting-rod is similar to that 
of the attachment between the treadle and driving-crank 
of the sewing-machine. 

The next thing is to understand how the steam is made 
to enter and leave the cylinder at alternate ends at the 
commencement and end of each stroke of the piston. This 
is brought about by means of a valve called the slide valve, 
which moves to and fro over the openings or ports which 
form the steam passages connecting the steam-chest with the 
cylinder. The metal surface between these openings is 
made perfectly flat and true, and the valve, which is a 
hollow box, has projecting ends planed true to slide over 
this flat surface. The pressure of steam in the steam-chest 
at the back of the valve keeps the smooth faces of the slide 
valve and of the ports together. 

In most valve motions the movement of the slide valves 
is controlled by the eccentrics, of which there are two, one 
for forward and the other for back gear. 
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The eccentric is a circular disc or sheaf, about i6j in. 
in diameter, fixed on to the driving axle. In this disc is a 
hole about 2 J in. out of the centre. The driving axle fits 
into this hole, and the fact of its being out of the centre 
makes the sheaf project some 4^ in, more from the 
centre of the driving axle on one side than on the other. 
This eccentricity of motion works the slide valve backwards 
and forwards over the ports. The motion of the eccentric 
sheaf itself is simply that of a crank with a very large crank- 
pin or journal. The travel of the valve being small in com- 
parison with that of the piston, the crank required to produce 
that travel must have a much shorter throw than the main 
crank of the engine. 

There are two cylinders for every locomotive engine, with 
a backward and forward valve gear for each. Each cylinder 
therefore requires two eccentrics or cranks for working the 
slide valve, one for the forward and one for the back gear, 
making four in all. It is manifest that it would be out of the 
question to so construct an axle as to have on it such a 
number of cranks. The eccentric, therefore, is a mechanical 
subterfuge for producing exactly the same action as the 
crank by a device fixed on the crank shaft without weaken- 
ing it in any way. Fig. 29 represents a section of a crank 
shaft or driving axle enclosed by two halves of the eccentric. 
The outer circle or bearing surface of the eccentric acts 
simply as an enlarged crank-pin, the throw of which is from 
A to B. Supposing this throw to be 2 J in., the travel 
of the valve would be 5 in. Owing to the large bearing 
surface of the eccentric, there is considerable loss of power 
attending their use, and for this reason various other 
forms of valve gear, in which the eccentric is dispensed 
with altogether, have of late years been introduced, but it 
is still mqre used than any other system, on account of 
its simplicity, convenience, ready action, and capability 
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of being easily adjusted in its required position on the 
axle. 

Eccentrics cannot be cast in one piece, as the cranks are 
forged on the axle, and they have therefore to be put on in 
two halves. 

It will be noted that the duty of the eccentric is exactly 
the reverse of the crank, being to convert the rotary motion 

of the crank axle into 
the rectilineal recipro- 
cating motion of the 
slide valve, thereby 
causing it to move back- 
wards and forwards over 
the port holes, and so 
regulate the admission 
and egress of the steam 
to and from the cylinder. 
The movement of the 
eccentric sheaf on the 
axle is communicated 
to the valve by the in- 
termediate mechanism 
of the eccentric-strap, 
eccentric-rod, and valve 
spindle. The eccentric- strap is made in two halves, which 
work on the bearing surface of the sheaf, being bolted 
together at top and bottom. The eccentric-rod is secured 
at one end to the eccentric-strap, and at the other is 
connected to the valve spindle or rod which is attached to 
the slide valve. 

The general arrangement of all the parts named, and the 
shape of the valve and its position with regard to the ports, 
will be best understood by referring to the diagram (Fig. 30), 
which represents a sectional view of an imaginary steam- 
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engine. The diagram illustrates the action of one oimple 
engine with no reversing gear, imaginary because only the 
working parts are shown, all details being omitted so that 
the principle of the action of the engine can be easily seen 
without any accessory complications. The steam is ad- 
mitted to the cylinder from the steam-chest (SC) above or 
outside the slide valve (SV), and passes omX from the cylinder 
underneath the slide valve, the hollow part of which forms 
a connection from the steam port to the exhaust port when 
the valve is in certain positions. 

It will be observed that the engine is travelling in the 




Fig. 30. 



direction indicated by the arrow which, with a locomotive, 
would be going forwards, as the cylinders are in front of 
the- driving-wheel. 

The steam-chest (SC) is always full of steam direct 
from the boiler so long as the regulator is open. With 
the crank in the position shown, this steam is finding its 
way through the steam port (SP) into the cylinder (C), and 
forcing the piston (P) in the direction indicated by the arrow. 
The steam on the opposite side of the piston in the cylinder 
2X C is escaping through the steam port (SP) through the 
hollow part of the valve (SV) into the exhaust port (EP), 
whence it passes to the exhaust pipe and away through the 
chimney into the atmosphere. 

It- will be observed that the slide valve covers this port 
a:gainst the steam in the steam-chest, so that the steam from 
the boiler is only in communication with the end (C) of the 
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cylinder, and acting on one side of the piston only. As 
the piston proceeds in the direction of the arrows, the turn- 
ing of the axle and consequent movement of the eccentric 
causes the valve to slide over the ports, and the steam 
port (SP) to gradually close, and (SP') to gradually open, 
the opening of the latter taking place when the piston has 
been forced by the steam to the end (C) of the cylinder. At 
this time the steam port (SP) is opened to the exhaust port, 
and the piston is forced back in the opposite direction by 
the steam entering the cylinder at SP'. 

The amount of steam admitted to the cylinder and used 
by the engine is controlled by the slide valve, and the 
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Fig. 31. 

eccentric gear or " valve motion " controls the movement of 
the valve in the steam-chest. 

Before describing the relation existing between the valve 
motion and the distribution of steam in the cylinder, it will 
be as well first to note how the construction of the valve 
itself affects the question. 

Fig. 31 shows a section of a locomotive slide valve and 
ports with the valve at the centre of its stroke. SV is the 
slide valve ; SS the steam passages or ports connecting the 
steam-chest with the cylinder; BB are the flat surfaces, 
called the "bridges," between the ports upon which the flat 
surface of the valve works ; and EP is the exhaust port. It 
will be noticed that the inside edges of the valve are 
exactly in line with the inside edges of the steam ports, and 
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the outside edges of the valve overlap or project beyond 
the outer edges of the ports. The inside edges being in 
line with the edges of the ports bring about this result, viz., 
that the moment the valve cuts off the exhaust from one 
end of the cylinder, it opens the other end of the cylinder 
to exhaust. Sometimes, however, the inner edges of the 
valve project beyond the inside edges of the ports, as shown 
by the lines XX. This causes the exhaust to take place 
later, as the valve has so much further to travel before the 
port is uncovered. It also causes the exhaust from the 
other side of the piston to be cut off sooner, as the edge of 
the valve covers the port before the valve has reached its 
central position. When the inside edges project in this 
way, the valve is said to have inside lap. The later release 
brought about by giving this inside lap causes a higher 
back pressure, and the earlier closing of the exhaust port 
from the same cause makes the remaining steam in the 
cylinder to be compressed before the end of the stroke, 
through the closing of the port cutting off the steam from 
the exhaust port. 

This compression is called "cushioning," and it has a 
useful result, as it prevents strain on the working parts of 
the engine which would take place if the piston were forced 
right up to the end of its stroke without any check. 

In engines where the valve has no inside lap (which is the 
case with locomotives), the cushioning is brought about by 
admitting steam to the cylinder just before the commence- 
ment of the stroke, that is, allowing the steam port to 
slightly open on the exhaust side of the piston just before 
the end of the stroke. This is called giving the slide valve 
" lead." 

With some engines, but not with locomotives, the inner 
edges of the valve when at mid-stroke do not cover the 
edges of the exhaust ports, as shown by the lines LL. This 
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is called " negative lap " or inside clearance, and is used for 
very high speed engines where it is necessary to give as early 
a release as possible, and to keep the exhaust port open 
during the whole of the stroke to give the steam as free an 
exit as possible. 

The distance (AB) which the edges of the slide valve 
overlap the steam port at the outside edges is called the 
" outside lap " of the valve. The dotted line represents 
the full opening of the port for the admission of steam 
when the valve is at the end of its stroke. The reason of 
this distance being less than the width of the port, as it 
frequently is, is that the same passage serves for the steam 
to pass to and from the cylinder, and although this space is 
sufficient for the admission of the steam, the whole width of 
the port is necessary for thfe passage of the exhaust steam, 
which should be got out of the cylinder as freely and quickly 
as possible, to avoid what is called " back pressure." 

The line D shows the amount that the valve is open at 
the commencement of the stroke of the piston for the 
admission of steam, which, as before stated, is called the 
**lead." 

The function of the valve motion is twofold, being to 
regulate the amount and the direction of the steam 
admitted to the cylinders as well as to reverse the engine. 

When an engine is starting a train, the steam is allowed 
to exert its full pressure upon the pistbn for about three- 
quarters of the stroke before being cut off. When speed is 
attained the momentum of the train helps the engine, and 
the valve gear is " notched up," which causes the cut-off to 
take place earlier in the stroke, the elastic properties of the 
steam admitted during the earlier part of the stroke being 
sufficient to actuate the piston for the whole stroke. 

The sectional diagrams on Plate I. illustrate this elastic or 
expansive working, and also show the action of the steam at 
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various parts of the stroke, and the relative positions of the 
piston, crank, and slide valve. 

The steam from the boiler enters the steam-chest (SC) 
through the steam pipe (SP). All the parts of the diagram 
coloured pink represent space filled with high-pressure steam 
in direct communication with the boiler. These diagrams 
must now be examined separately in the order in which 
they stand. 

Fig. I shows the engine at the commencement of the 
stroke, the crank-pin (CP) is in the position in which it is 
nearest the cylinder, and the piston at the end of its travel 
in the cylinder. The valve (SV) has just slightly opened at 
L to give the lead, and steam is passing through the steam- 
port (SPA) to the end (A) of the cylinder. For convenience 
of reference, the left-hand end of the cylinder where the 
steam acts on the left side of the piston will be called A ; 
and the right-hand end, where the steam acts on the right 
side of the piston, will be called B. The space coloured 
blue shows the exhaust steam, and it will be noted that it is 
escaping from B, through the steam-port (SPB), into the 
hollow part of the slide valve, and thence to the exhaust port 
(EP), from whence it passes through the exhaust pipe into 
the atmosphere. 

The steam at A forces the piston from left to right, and 
Fig. 2 must now be examined to see what is taking place 
when the piston has travelled to the position indicated by 
this figure. It will be seen that the piston has travelled 
about one-fourth of the length of the cylinder ; the crank 
has described a little more than one-eighth of a revolution, 
and the valve has completely uncovered the steam-port 
(SPA), so that the full pressure of steam is being delivered 
into the cylinder at A, and is acting upon the piston. The 
opposite port (SPB) is still open to the exhaust. The yalve 
has now come to the end of the stroke, and commences to 
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travel back in the opposite direction, and gradually closes 
the port (SPA), as shown in Fig. 3. Up to this time steam 
has been finding its way through the port to A, and exerting 
its full pressure upon the piston, but now the direct supply 
is cut off, and the power necessary to complete the remainder 
of the stroke must be by the elastic property of the steam 
already in the cylinder at A. The piston has travelled about 
two-thirds of its stroke ; the exhaust port (SPB) is still open 
to the exhaust, and the crank has travelled between one-fourth 
and three-eighths of a revolution. 

The distance the piston travels between Figs. 3 and 4 is, 
by the action of the steam, working expansively, and the grey 
colour in the latter figure shows the steam in this condition. 
The piston has now travelled about seven-eighths of its 
stroke, and the valve is at the centre of its travel, so that 
both the steam and exhaust ports are closed. As the piston 
finishes the stroke, the remainder of the exhaust steam, 
having no exit, is compressed at B, and thus cushioning 
takes place; the orange colour shows the compressed or 
** cushioned " steam. Directly after the valve, still moving 
to the left, passes over its central position, the port (SPA) 
begins to open for the release of the steam from A, and 
by the time the piston gets to the end of the stroke (as 
shown in Fig. 5), this port is fully open to the exhaust, and 
SPB has just opened, giving the lead for the admission of 
the steam at B, to commence the return stroke of the piston. 
One stroke of the piston and half a revolution of the crank 
is now completed, and the process described again takes 
place in exactly the same way with the piston travelling in 
the opposite direction, and goes on with each backward 
and forward stroke of the piston so long as the regulator 
ia open and the steam-chest supplied with steam from the 
boiler. 
The various technical terms it has been necessary to use 



ACTION OF THE STEAM IN THE CYLINDER. 6$ 

in the foregoing description are enumerated below, and 
should be thoroughly understood to properly grasp the 
principles of the working of an engine. 

Outside Lap, The amount by which the outside edges of 
the valve overlap the steam ports when the valve is at the 
middle of the stroke. 

Inside Lap, The amount by which the inner edges of the 
valve overlap the inner edges of the steam ports when the 
valve is in the same position. 

Lead, The amount of the opening of the steam port at 
the commencement of the stroke of the piston. 

Travel, The distance the valve moves to and fro at each 
stroke of the piston. This is equal to twice the outside lap 
plus the lead or opening to steam, and also to twice the 
throw of the eccentric. 

Point of admission. When the valve commences to open 
the port to admit steam from the steam-chest to the 
cylinder. 

Point of cut-off. When the valve closes the port to 
stop the admission of steam from the steam-chest to the 
cylinder. 

Point of release. When the inside edge of the valve opens 
the port to the exhaust for the steam to pass from the 
cylinder to the exhaust port. 

Point of compression or cushioning. When the valve 
covers the port against the exhaust steam, causing the 
remainder of the steam on the exhaust side of the piston to 
" cushion " or be compressed in the end of the cylinder by 
the advancing piston. 

The action of the eccentric gear or " valve motion " 
must now be more fully explained, to show how it causes 
the valve to travel backwards and forwards over the ports 
and regulate the steam in the manner that has been 
described. 

F 
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If the throw of the eccentric be at right angles to the 
crank, when the piston is at the end of its stroke it is 
manifest that the slide /alve will be exactly at the centre of 
its stroke, and it has bejn shown that when in this position 
the ports are both closed, and no steam can pass from the 
steam-chest into the cylinder. 

It has also been shown that the valve at the commence- 
ment of the stroke of the piston must be slightly open to 
give the necessary lead. 

It therefore follows that the eccentric must be secured on 

the axle with the throw' 
P ^ slightly in advance of the 

rectangular position in rela- 
tion to the crank in order 
to give the required open- 
ing of the port. 

This advancement, viz., 
the number of degrees by 
which the eccentric is 
carried forward beyond the 
^'°- 32. position at right angles to 

the crank, is termed the 
angular advance of the eccentric. In Fig. 32, the lines 
CY, CZ show the centre lines of the eccentrics, keyed 
on the shaft with the angular advance to give the 
necessary lead. CK is the centre line of the crank in 
a vertical position, the crank-pin being at K above the 
shaft. 

The line AB passes through the centre of the crank axle 
at right angles to the crank. 

The line DE is drawn parallel to AB at a distance below 
it, equal to the outside lap of the slide valve plus the 
required lead. 

The circle XYZ is equal to the circumference of the 
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eccentric sheaf, the centre of which, in the diagram, 
coincides with the centre of the crank axle. 

The line CY drawn from the centre C through the point 
y, where the line CD cuts the eccentric circle, gives the 
centre line of the throw of the forward gear eccentric, and 
the line CZ the centre line of the back gear eccentric. 

The lead being given at the commencement of the stroke, 
the valve precedes the movement of the main crank 
throughout the revolution, giving the cut-off, release, and 
compression at the proper points in the stroke. 

The forward and back gear eccentrics are fitted to the 



Fig. 33. 

crank shaft side by side. The two ends of the eccentric- 
rods are coupled together by a slotted link, in which works 
a block connected to the valve-rod. Fig. 33 represents in 
diagram form the simplest form of link motion. The link 
(L) being lowered, the forward eccentric-rod (FGR) is placed 
in connection with the valve spindle and valve at VS, 
causing the engine to run in the forward direction. When 
the link is lifted, the eccentric-rod (BGR) is placed in 
connection with the valve, and a reverse motion obtained, 
the other eccentric being thrown out of gear. 

The original idea of two eccentrics coupled by a link 
at the end of the eccentric-rod was by a simple arrange- 
ment to throw each one in turn in gear with the valve, so 
as to enable the engine to work backwards and forwards as 
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required, and more than this simple result was not con- 
templated in the original discovery of the link. It was 
subsequently however found that by means of this link, 
the cut- off of the steam could be so regulated that the 
power could be adjusted to the work required. 

Now it is obvious that when the link is placed in such a 
position that the centre of it is opposite to the valve 
spindle, as shown in the diagram, neither of the eccentrics 
are in gear, and the valve remains in its neutral position 
without uncovering the ports. By moving the link into any 
intermediate position, up or down, between the centre of 
the link and the end of the eccentric, the valve is actuated 
by the eccentric-rod nearest to the valve spindle. 

The eccentric, however, not being in line with the valve 
spindle, and the link acting so to speak as a lever, the 
fulcrum of which is the end of the eccentric-rod not in 
gear, the valve has a shorter travel than if it were in direct 
line with the eccentric. 

This travel is lengthened or shortened according to the 
position of the valve spindle with regard to the eccentric- 
rod. The nearer it is to the rod the longer the travel of 
the valve, and the nearer to the centre of the link, the 
shorter the travel. Thus we have an apparatus for con- 
trolling the travel of the valve and regulating the point of 
cut-off of the steam to the cylinder. 

Upon the foot-plate of the engine is a lever working in a 
quadrant. When -the lever is pushed right over to the 
extreme end of the quadrant in one direction, the eccentric- 
rod is opposite to the valve spindle and the full travel of 
the valve obtained. When it is required to shorten the 
travel of the valve and cause the engine to work expansively, 
the , lever is pulled towards the centre of the quadrant, 
and can be fixed in any position required by notches in 
the quadrant and a catch on the lever. Pulling the lever 
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towards the centre of the quadrant, or "notching up" as it 
is called, brings the valve spindle towards the centre of the 
link, reducing the travel of the valve, cutting the steam off 
earlier in the stroke, and thus causing the engine to use less 
steam and work more economically. 

When the lever on the foot-plate is pulled beyond the 
central position in the quadrant, the back gear eccentric is 
put in communication with the valve, and ^hen pulled right 
over to the opposite end of the quadrant, the engine is in 
full back gear, that is to say, will move backwards on steam 
being admitted to the cylinder. 

With every locomotive engine there are two sets of link 
motions, one for each cylinder. Both are controlled by the 
same lever from the foot-plate and work simultaneously, and 
thus a complete reversing gear and apparatus for expansive 
working is provided. 

The whole question of valve motion will be treated of 
more elaborately in the next chapter, but it is hoped that 
this elementary description will have enabled the reader to 
grasp some idea of its general principles and relation to the 
distribution of steam in the cylinders. 
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CHAPTER IV. 

VALVE MOTION. 

In the foregoing chapter the elementary principles of the 
action of the steam in the cylinders arfd steam-chest of a 
locomotive have been described in as simple a manner as 
possible with a view to explaining to the uninitiated reader 
how the power of the steam generated in the boiler is 
brought to bear upon the mechanism of the engine, causing 
the wheels to revolve, and thus impart motion. This is the 
A B C of all things appertaining to the steam-engine, and 
the chapter has probably been " skipped '* by the reader 
whose walk in life has in any measure brought him into 
contact with some elementary form of engineering. These 
elementary details have, however, the author hopes, not 
been entirely devoid of interest to those who may scan 
these pages with the object of obtaining some general 
information upon the subject of locomotive engines regarded 
from a non-professional point of view, seeing what an 
important part this machine plays in the history of nations, 
and in the individual life of every member of any civilized 
community. Such a person may perhaps find it more to 
his taste to skip this chapter, for in it the author proposes 
to review historically a very important feature in locomotives 
which is almost entirely of a technical character. 

Long before the introduction of steam for locomotive 
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purposes was ever thought of, its application to cause a 
wheel to revolve, and so to communicate power to various 
kinds of machinery, was an accomplished fact. But that 
fact being accomplished was in itself sufficient for most 
purposes to which the power was .applied. When its 
application to locomotives came to be considered, other 
points in connection therewith arose, and problems hitherto 
too unimportant or unnecessary to consider had to be 
grappled with and solved. 

A locomotive engine, to be of any practical value, must 
be able to run backwards or forwards ; moreover, greater 
power has to be exerted in starting a load than in keeping 
it moving afterwards, and it became apparent that a 
locomotive engine must be capable of exerting its powers 
both as a slow speed engine in starting a heavy load from a 
state of rest, and as a high speed engine in producing and 
maintaining a high number of revolutions per minute after 
the initial slow speed power has been exerted in starting a 
train. 

To do this, many different forms of reversing gear 
and valve motion for working the steam expansively have 
been contrived, and the various developments of these 
schemes have a very important bearing upon the history of 
the locomotive, and its ability to fulfil the tasks now imposed 
upon it. 

The functions of the valve motion may be briefly stated 
as follows — 

To regulate the movement of the slide valves which 
control the admission and egress of the steam to and from 
the cylinders. 

To reverse the engine, that is, to cause it to run backwards 
or forwards as desired. 

To enable the engine to be worked expansively ; that is, 
to cut off the steam at any required portion of the stroke of 
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the piston, so that the amount of steam supplied to the 
engine may be in proportion to the work to be done. 

The action of the slide valve having been already 
described, it is now proposed to review historically the 
various devices which from time to time have been intro- 
duced by engineers for producing the required variations of 
movement of the valves in the steam-chest. 

The link motion, as now almost universally used, like all 
other great inventions, has been of gradual development, 
and is the product of the minds of many thinking men, 
whose attention has been given to the matter. All these 
different ideas, however, tended in the same direction, which 
was to produce an apparatus perfect in its design, and 
capable of fulfilling satisfactorily the important part the 
valve gear plays in the work of a locomotive engine. 

In the early engines of Trevithick steam admission to the 
cylinders was regulated by a four-way cock automatically 
actuated by means of a rod and tappet. 

The arrangement of the cam and ring introduced in 1820 
may be considered the precursor of the eccentric motion for 
valves which was introduced a little later, and which was 
a great improvement on the earlier plan and better adapted 
for the higher speeds at which locomotive engineers at 
once began to aim. 

Mr. Wood, of the Killingworth Engine Works, used a valve 
gear having a loose eccentric and fixed stop, which has 
been thus described. 

" Fixed upon and revolving with the axle was a lever or 
crank, having at its end a stud, which slid freely in a con- 
centric groove cut in the eccentric. As the axle turned, the 
stud found its way to one end of the groove, and determined 
the position of the eccentric for forward or back gear." 

This arrangement is practically the same as that adopted 
by Mr. Webb in his " Teutonic *' class of compounds in the 
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single eccentric reversing motion for the low-pressure valve. 
This gear is illustrated in Fig. 48. 

In 1818 Carmichael of Dundee, in his steam ferries, 
introduced an arrangement with arms at the end of the 
eccentric-rods. These arms projected on either side to 
engage with a rocking-shaft, and this arrangement was 
afterwards modified and used for locomotive engines by 
Cav^ of Paris in 1835. 

In 1880 Melling, the locomotive superintendent of the 
Liverpool and Manchester Railway, introduced the gear 
illustrated in Fig. 34, by which the valve-rod received its 




Fig. 34. 



motion from a pin fixed to the connrcting-rods, working in 
a slotted lever ; but it was not generally adopted. 

FJg- 35 shows the valve-gear brought out by Hawthorn 
in 1838. The connecting-rod had a stud (S), on which was 
fixed a block (B) working in the slotted lever (SL). This 
lever had arms (A A) at right angles by which the motion was 
communicated to the rocking-shaft (RS), and thence to the 
valve-rod (VR). It was rather a complicated arrangement, 
but is said to have given some fairly good results. These 
three motions — viz. " Carmichael's," ** Melling's," and 
" Hawthorn's "—may be considered the parent gears of the 
present Radial type, wliich has come so much into use 
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during recent years, chiefly through the instrumentality of 
Mr. David Joy. 

His radial motion, brought out in 1879, was successfully 




Fig. 35. 

adopted first of all by Mr. Webb, and subsequently by 
other locomotive engineers. This motion will be fully 
described later on. 

Fig. 36 illustrates an arrangement of gab motion used 
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Fig. 36. 

on engines constructed by Messrs. Stephenson & Co. prior 
to 1838. In this case, four eccentrics were used ; it was a 
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very similar gear to the motion brought out by Messrs. 
Sharp & Roberts in 1842. The gab ends of the forward 
and back-gear eccentrics were in turn raised to the rocking- 
shafk lever by a combination of levers, the action of which 
will easily be seen on referring to the sketch. 

G G, gabs ; RS, rocking-shaft ; RL, reversing levers ; 
VE, valve link ; VS, valve spindle. In Messrs. Sharp & 
Roberts' arrangement, one gab was raised and the other 
lowered into position. 

Fig. 37 illustrates the improved arrangement of gab 
motion introduced in 1840 by Mr. Robert Stephenson; 




Fig. 37. 

this was a much simpler gear than any previously in use, 
and constitutes one of the most decided steps in the 
direction of the last and most simple of all, the link motion. 

It will be seen that a top and bottom gab (TO and BG), 
forming a kind of cross-head, were fixed in the end of the 
valve spindle (VS). The ends of the eccentric-rods (ER) 
were connected by a straight-link (SL), and were moved up 
down by the reversing lever (RL) in the same way as the 
eccentric-rod ends coupled together by the slotted link are 
moved in the modem link motion. 

In 1839 Mr. John Grey introduced his variable expansion 
gear. It was applied to the " Cyclops," one of the Liver- 
pool and Manchester Railway engines, and is said to have 
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effected a saving of fuel estimated at 1 2 per cent. More- 
over, it allowed a large variation in the lead. The 
exceeding complexity of the arrangement was however 
against it, and although it was again introduced on the 
London and Brighton Railway in 1816, it was ultimately 
abandoned in favour of the link motion. 

In September 1889, Dodds of Rotherham and Owen of 
York introduced and patented the " wedge motion," which 
is illustrated in Fig. 38. This arrangement consisted of 
two eccentrics, one for each valve, mounted on the axle, 
and prevented from sliding laterally by means of keys or 
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Fig. 38. 



guides attached to it. The wedges (VV) were allowed to 
slide laterally upon the axle (A), which was square on the 
part over which the wedges worked. Attached to the 
wedges was a clutch-box (CB), by whose action on the 
wedges the eccentrics (EE) were forced into the required 
position for forward and back gear. The inventors pro- 
posed to alter the movement or travel of the valve, but 
made no arrangement for expansive working. By a sub- 
sequent and more practical arrangement of the late Mr. 
Henry Dubs of Glasgow, this was effected. The illustration 
shows the motion as used on No. 55 saddle tank-engine on 
the North Stafford Railway from 1871 to 1880. 

Dodds was followed by Fenton of Leeds, who, in 1842, 
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introduced a combination of link motion and sliding 
eccentrics, which were attached to a collar. This collar 
moved laterally by means of a clutch-box and ring. The 
eccentrics were guided into the various positions for forward 
and back gear, and for different degrees of cut-off, by means 
of a spiral feather on the shaft. 

In February 1842 Crampton patented an arrangement of 
variable valve motion, in which the single fixed eccentric 
was proposed ; it was, however, rather a complicated gear, 




Fig. 39. 



and does not play a very important part in the history of 
the valve motion. 

We should here notice the arrangement proposed b^ 
Williams of Newcastle in 1842, as illustrated in Fig. 39. It 
was undeniably ingenious, and shows that the inventor had 
got the idea of the slotted link in much the same form as 
now used ; but as Williams did not employ eccentric-rods 
to couple up to his link, the contrivance proved impracticable ; 
indeed, it was a mechanical impossibility. 

Fig. 40 illustrates the famous link motion invented by 
Howe of Newcastle, and applied by Messrs. Stephenson 
& Co. in 1848. This invention stands, in relation to the 
various valve-gears used on locomotives, much in the same 
position as that in which the ** Rocket " stands with regard to 
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locomotive engines. As the " Rocket " solved the problem 
of the possibility of the practical use of steam-power for 
land-carriages, so did the link motion solve the problem 
of working the steam expansively. Its simplicity of con- 
struction and the favourable results at once obtained have 
never yet been to any very great extent improved upon, and 
in spite of the multitudinous arrangements of link or 
radial motion- since introduced, it still maintains its 
supremacy, and is the most extensively used of all valve- 
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gears. The details are described in the illustration of 
the more modern application of this type of motion. 

Fig. 41 illustrates the Gooch or stationary link motion 
which was brought out by the late Sir Daniel Gooch, 
locomotive superintendent of the Great Western Railway, 
and used on engines of the "Great Britain" and 
" Pyracmon " class in the year 1848. In this motion it will 
be seen that the expansion-link (EL), the concave side of 
which is towards the valve spindle, is hung from the bracket 
(B) by the swing-link (SL). The change in the position of 
the valve-link (VL) and die-block (D) is effected by the 
reversing-shaft (RS), operated from the foot-plate. The 
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link (VL) is raised or lowered to alter the grade of ex- 
pansion or to reverse the engine as required. This motion 
was used by Mr. McConnell on various types of engines 
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Fig. 41. 

constructed by him for the London and North-Western 
Railway. 

In 1855 Mr. Alexander Allan, locomotive superintendent 
of the Scottish Central Railway at Perth, invented and 
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patented the straight-link motion (illustrated in Fig. 42). 
In the earlier arrangements he brought out, Mr. Allan used 
a " box "-link, but subsequently adopted an open link which 
worked in the forked end of the valve-rod. The link here 
slides upon a die-block, which is kept in position by a pin 
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through the fork end. Mr. Allan's arrangement may be 
considered a combination of the shifting and stationary 
link motions, a simultaneous and contrary movement being 
given to the eccentric-rods and link, and to the valve 
connecting-rod, by levers working on opposite sides of the 
reversing-shaft. This double movement necessitated the use 
of a straight-link instead of the usual form of curved-link. 
In reversing it will be seen that part of the action is 
produced by the up-and-down movement of the straight 
expansion-link (EL), and part by the valve-rod (VR) and 
die-block (D) moving in the opposite direction and towards 
it. The combination of levers is very simple, and can be 
easily understood from the sketch. With the short fixed 
levers the reversing-shaft motion round its own axis is 
less, and the reversing-lever can thus be proportionally 
lengthened and a large increase of power obtained, generally 
three times that of the ordinary motion. The advantage 
of this is obvious, as the gearing can more easily be moved 
to and fixed in the required position, and the expansion 
regulated with the full steam-pressure on the slide-valves. 
Balance-weights are dispensed with ; the links and eccentrics 
being coupled to the short lever (S) and the valve-rod to the 
longer lever (RS), they balance each other. This gearing 
requires less room and allows the boiler to be placed lower 
than with the shifting link motion. The angular position 
of the valve-rod is less, and the valve-rod moves during 
reversal through one-half of the space traversed in the fixed 
Hnk motion. It is accurate in its working as regards lead 
and equal distribution of steam in both sides of the cylinder 
in back and forward gear. The only fixed portion is the 
reversing-shaft, which may be above or below the link as 
most convenient. The illustration shows Allan's motion as 
applied by Mr. Webb to the express passenger and other 
locomotives on the London and North-Western Railway. 
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The valve-rod (VR) is supported by the short suspension- 
links (SL), which are coupled at one end to the long lever (R) 
of the reversing-shaft. The short lever (S) is coupled to the 
long suspension or lifting-links. These latter are attached 
at the other end. to the forward eccentric-rod (FER), and to 
the top of the expansion-link (EL); the back gear eccentric- 
rod (BER) being attached to the other end of the expansion- 
link. E,E are the eccentrics of cast-iron, the eccentric-rods 
being of Bessemer steel, fastened by screws and riveted to 
the cast-iron eccentric-straps (ES). D is the motion-block 
or die-block, which slides in the straight-link, and is fixed 
to the end of the valve-rod (VR) by means of a pin. RL 
is the reversing-shaft arm (or lever) which is operated 
from the foot-plate by the reversing-screw, as used by Mr. 
Webb, or by any other suitable- arrangement. 

The essentials of a good valve-gear may be here stated. 
It is necessary that when employed to work expansively, it 
should admit stea-m /r^^/y to the cylinder during that period 
of the stroke when the admission is required, the ports 
being properly uncovered during the whole time of ad- 
mission to allow the free passage of the steam to the 
cylinders, and so prevent wire-drawing or gradual reduction 
of pressure. 

The cut-off should take place as quickly as possible, and 
the expansion should be as long as is consistent with satis- 
factory working. The release of steam from one side of the 
piston, and the compression of the remainder in the cylinder 
on the other side, should take place at such a point in the 
stroke as to avoid unnecessary back pressure; and yet 
provide sufficient resistance to balance the pressure of 
steam equally at both sides of the piston at the end of the 
stroke. By this means the momentum of the crank is 
allowed to overbalance the dead point at the end of the 
stroke. The pre-admission should be just sufficient to allow 

o 
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the steam to gain its full pressure on the piston at the 
commencement of the stroke. 

Fig. 43 illustrates the arrangement of curved Howe- 
Stephenson shifting link motion as applied by Mr. Rams- 
bottom, and adopted on the London and North-Western 
Railway for many years. This same type of motion, varying 
slightly in accordance with the ideas of various locomotive 
superintendents, is also used on many railway lines through- 
out the world. 

FE and BE are the forward and back-gear eccentrics; 




Fig. 43. 



ES the eccentric-straps of cast-iron, and FGR and DGR the 
eccentric-rods by which the motion of the eccentrics is 
transmitted to the curved expansion-link (EL). 

The latter has a suspension-pin and bracket (SB) attached 
to one side, connected by the lifting-link (LL) to the weigh- 
bar or reversing-shaft (RS), upon which is the balance- 
weight (W). VSS is the valve spindle, to which is attached 
a die-block sliding in the curved-link. VSB is the valve 
spindle slide-box made in two halves, faced inside with white 
metal, and bolted to the motion plate (MP). In some 
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arrangements of gearing this plate also carries the reversing- 
shaft, but in the example illustrated the shaft is supported 
by brackets fixed to the main frames of the engine. The 
motion is reversed from the foot-plate by a screw arrange- 
ment connected by a rod to the lever (R) on the shaft 
(RS). On the end of the valve spindle slide is a screw and 
nut (SN), which forms the attachment to the valve-rod, and 
at the same time adjusts it to the required length. 

Fig. 44 illustrates a type of this same motion in use on the 
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Fig. 44. 



North Stafford Railway, in which there are some differences 
of detail. It will be seen that the curved expansion-link (EL) 
is the same as that originally adopted in the Howe-Stephen son 
gear. The eccentric-rods are coupled to the ends of the 
centre line of the link. The top of the expansion-link (EL) 
is coupled to the forward gear eccentric-rod (FGR), and to 
the top end of the lifting-link (LL) at the same point. Tlie 
bottom end of the lifting-link is coupled to the lever (L) 
on the reversing-shaft (RS) ; the latter is carried on brackets 
attached to the motion plate (MP). The swing-links (SL) 
are attached at one end to the bracket (SLB), and at the 



84 BRITISH LOCOMOTIVES. 

Other to the end of the valve spindle-link (VSL). This 
link is slotted at the end, and the expansion-link works up 
and down in the slot, sliding on the block (B). It will be 
seen that the eccentric-straps (ES) are attached to the 
eccentric-rods (FGR and BGR) by studs and nuts, and in 
setting the valves the adjustment is effected by means of 
liners at the joints (J). The eccentric-straps are of wrought- 
iron, having brass liners (BES) to form the bearing surface 
on the eccentrics (E), and liners (AE) to adjust for wear. 

The wedge motion has already been described, but next 
in chronological order comes a type of this motion introduced 
in 1871 by Mr. T. W. Dodds, engineer of permanent way 
on the North Stafford Railway. From the illustration (Fig. 
45) it will be seen that the crank axle (CA) is planed flat on 
two sides, perpendicular with the centre line of the right- 
hand crank. On these planed surfaces the wedges (W,W), 
which formed part of the clutch- or reversing-box (CB), were 
allowed to work in a lateral direction, being forced through 
the eccentric (E), thereby bringing it into the relative positions 
for forward and back-gear. The eccentric (E) was prevented 
from moving laterally on the axle by the keys (K,K), which 
were fixed on the shaft in grooves and pinned down. These 
keys acted as guides for the eccentric in its transverse move- 
ment across the shaft, which was due to the action of the 
wedges. 

Both eccentric-straps worked on the one eccentric; the 
right-hand eccentric rod (RER) was coupled direct to the 
valve spindle-slide. The left was a short rod (SER), the end 
of which was connected to the arm (X) of the bell crank lever 
(BCL) on the balance-shaft (BS). The other lever arm ( Y) was 
coupled to the left-hand valve spindle-slide by the coupling- 
rod (VCR). The balance-shaft (BS) was carried at either end 
by an arrangement of compensating levers (CR) attached to 
brackets (BB). The back lever on each side (BCR) was 
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connected from A to the axle-box, thereby keeping the shaft 
(BS) in line with the crank axle, and preventing undue strain 




Fig. 45. 



on the gear. The pillar or reversing-shaft (RS) carried two 
arms (RA), which were connected to the clutch-ring (CR). 
The reversing-shaft was operated from the foot-plate by a 
screw reversing-gear, which was connected to it by a rod 
to the arm (A). 
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Theoretically, perhaps, the wedge motion is as nearly 
perfect as can be imagined. One eccentric does for forward 
and back-gear, and by simply sliding it up and down on 
the parallel sides of two wedges the eccentric-sheaf can be 
fixed in any required position for forward or back-gear, or 
expansive working. In practice, however, one great draw- 
back manifested itself in tlie tendency of the wedges to 
stick, and so prevent the driver from manipulating the gear. 
An accident attributable to this cause took place on the North 
Stafford Railway, and the motion, which had never had the 
approval of Mr. Angus, the locomotive superintendent, was 
then finally condemned by the Government inspector, so 
that its introduction proved a costly experiment to the 
company. 

We now come to an important point in the history of the 
valve motion, which belongs to more modern times. In 
March 1879 Mr. David Joy brought out and patented the 
gear known as the "Joy" valve-gear. This arrangement 
entirely dispenses with the four eccentrics and rods of the 
link motion, the necessary movement being obtained from 
the connecting-rod. The construction of locomotives to 
meet the demands for increased speed and power has 
necessitated the employment of larger cylinders, which, 
owing to the impossibility of altering the distance between the 
main frames, prevents the valve-chest being placed between 
the cylinders. 

Now the "Joy" motion allows the valve-chest to be 
placed either above or below them, and also permits of 
larger bearing surfaces being used for the driving-axles. 
Among the advantages claimed for this motion are — 

The number of working parts reduced ; 

The weight of the gearing reduced ; 

All the strains are central. 

Its operation is more correct and reliable, and gives the 
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nearest approach to a theoretically correct distribution of 
steam in the cylinder. Mr. Webb saw the benefits likely to 
be derived from this motion, and he was one of the first to 
practically apply it to locomotive engines. He first fitted it 
to a number of six-wheels coupled goods engines with 18 in. 
cylinders with the most satisfactory results, and subsequently 
to the compound engines built at Crewe. 




Fig. 46. 



Fig. 46 shows the " Joy " valve-gear as adopted by Mr. 
Webb for the low-pressure valve of a compound express 
passenger engine. 

Q is the quadrant-shaft, of cast-steel, carried by brackets 
fixed to the frames ; the quadrant guides or facings (FF) are 
bolted to the shaft ; working in the grooves of the quadrant 
guides are brass slide-blocks (SB) carried by the valve lever 
(VL). At the point P the top joint of VL is attached to 
the valve spindle-link (VSL), whilst the lower joint is attached 
to the connecting-link (CL) at the point A. The connect- 
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ing-link is coupled to the connecting-rod of the engine (CR) 
at C, and at the other end to the anchor-link (AL), which is 
attached at the other end at the bracket (B). This 
attachment is the only fixed point about the motion ; the 
bracket is bolted to the guide-plate of the leading radial 
axle-box. It is interesting to notice that while the point (C) 
of the connecting-rod (to which the connecting-link is 




Fig. 47. 

attached) describes an oval, the point (A) of the latter 
describes a flattened ellipse, thereby imparting an equal 
motion to the point (X). The motion is reversed by the 
lever (R), which is fixed to one end of the quadrant-shaft 
(Q). The direction of the engine and the travel of the 
valve is regulated by the position in which the quadrant- 
shaft is placed. 
The valve motion, illustrated by Fig. 47, was invented and 
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patented in 1884 by the late Mr. Bryce Douglas, manager of 
the Naval Armaments Company, Barrow-in-Furness, and first 
applied to a locomotive by Mr. D. Drummond, locomotive 
superintendent of the Caledonian Railway, in 1886, on an 
express passenger engine. It will be noticed that there are 
two attachments on the line of motion, viz., at C on the 
connecting-rod, and at CH on the cross-head. At this joint 
is coupled one end of the connecting-link (CL), the other 
end being coupled to the vibrating-rod (VR), which oscillates 
on fixed centres at the point B, where it is supported by 
brackets fixed to the motion-plate (MP). 

Above these centres the rod (VR) carries a curved 
expansion-link (CEL), which has the usual sliding-block. 
To this block the valve spindle is connected by the valve 
connecting-rod (VCR), which is adjusted in position and 
supported by the lifting-links (LL). These links are 
coupled at the lower end to the reversing- shaft lever, at the 
opposite end of which is the balance-weight (W). The 
reversing-shaft (RS) is carried by means of brackets (RSB) 
fixed to the main frames. RR is the reversing-rod actuated 
from the foot-plate. 

In addition to the to-and-fro motion of the vibrating-rod 
(VR), the expansion-link (CEL) has an oscillating motion 
imparted to it by coupling the arm (A) at the back to the 
driving-link (DL). The lower end of the latter has two 
attachments ; first by the short connecting-link (SCL) to the 
fixed point (Y) on the motion-plate, and secondly by the 
connecting-link (LD) to the point (L) on the driving-link 
(DR). The lower end of this rod is coupled at the point 
C to the connecting-rod (CR), whilst its upper end is 
attached to the supporting-hnk (SL), by which it is connected 
to the bracket (B). This valve motion is said not to have 
worked satisfactorily, and it was subsequently discarded for 
the ordinary link motion. 

Fig. 48 illustrates an arrangement of loose eccentric used 
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for the low-pressure valve by Mr. Webb in some of his 
latest compounds. With these engines the low-pressure 
cylinder is always worked in full back or forward gear as the 
case may be. The two high-pressure cylinders (to which 
either the Joy valve-gear or link motion may be fitted) are 
powerful enough to give the engine the initial start. The 
loose eccentric, which is an exceedingly* economical and 
simple arrangement, answers very well, and altogether dis- 
penses with the intricacies of a valve motion for the low- 
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pressure cylinder. As the engine starts the axle revolves 
without the eccentric moving until its proper position is 
reached for forward or back-gear, as the case may be. LE is 
the loose eccentric, in which is a slot terminating at either 
side at the points AA. S is a stop fixed on the axle. This 
stop works freely in the slot between the ends AA. When 
the axle has revolved far enough for the stop to come in 
contact with A, the eccentric begins to move, and actuates 
the valve. The motion is transmitted through the rocking- 
shaft (RS) to the valve spindle (VS), through the link (VL). 
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CHAPTER V 

THE BOILER. 

Like every other steam engine, a locomotive consists of 
the machinery of the engine, and the boiler for generating 
the steam which supplies the motive-power. 

With stationary engines, the engine may be a considerable 
distance away from the boiler, and the general design of 
each may be worked out to suit the place in which it is to 
be fixed; or the engineer, in many cases, may have carte 
blanche to carry out his own ideas in the matter of design, 
the place where his engine is to be fixed being specially 
built to accommodate it. 

It is therefore easily seen that the designer of locomotives 
is restricted in many ways that have not to be considered 
at all by the builder of stationary engines. Among these 
considerations are the following — 

Height — No part of a locomotive can be more than 13 
ft. 6 in. above rail level, and that maximum must only be 
leached just above the centre of the space between the 
rails. 

Width, — Its greatest width must not exceed about 
8 ft. 6 in. 

Length, — The wheel-base, that is, the distance from the 
centre of the front pair of wheels to the centre of the rear 
pair of wheels, must be so constructed that the engine may 
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be able to travel round curves without strain, and without 
any danger of its leaving the rails. 

Weight. — The weight must be correctly distributed, it 
should not exceed about eighteen tons on any one pair of 
wheels, and the centre of gravity must .not be too high, or 
the engine would be top-heavy, and unsafe for running at 
high speeds. 

There are many other such restrictions ; and when it is 
remembered that all the complicated details of a modern 
high-pressure or compound engine, capable of exerting some- 
thing like 1400 horse-power, together with a powerful boiler 
for maintaining steam at a uniform pressure and driving 
that machinery, have to be compressed in such a limited 
space, and that they have to be specially constructed to 
stand the wear and tear of travelling over a metal road at 
upwards of sixty miles an hour, it will be recognized that 
the design, material, and workmanship of a locomotive 
engine must all be the most perfect possible of their 
kind. 

Generally speaking, the boiler of a locomotive may be 
said to consist of four principal parts — 

1. The Barrel; that is, the cylindrical part extending 
from the fire-box to the smoke-box. 

2. The Fire-box Shelly or casing, adjoining the barrel at 
one end, and rectangular in shape except at the top, where 
it is a continuation of the upper half of the barrel. The 
bottom part extends below the barrel, and is joined to the 
lower half of the barrel by the shoulder-plate. 

3. The Fire-boXy a square chamber inside the fire-box 
shell, with four walls and a roof, having an open space at 
the bottom for the fire-grate. 

4. The TubeSy a number of small cylindrical flues ex- 
tending through the barrel for conveying the gases generated 
by the fire to the smoke-box and chimney. 
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Fig. 49 is an outline section through a locomotive boiler, 
and shows the position of the fire-box and tubes. 

FB is the fire-box, TT the tubes, of which only two are 
shown so that they can be more clearly defined. The space 
between them is in reality filled with tubes, the number 
. being usually about 200. The grate is at G, the fire-door at 
FD. The shaded part shows the water space, the steam 
space being above the water at SS. 

The inside surface of the tubes and the fire-box plates 
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comes directly into contact with the flames of the fire, and 
is called the heating-surface. It is absolutely necessary that 
these plates and the tubes should (as shown in the diagram) 
be always surrounded by water when there is a fire in the 
fire-box. The space between the walls of' the fire-box and 
the fire-box shell, and round the outside of the tubes, is called 
the water space. 

It may be here stated that the outer plates, namely, those 
forming the barrel and the fire-box shell, are always made 
either of the best Yorkshire iron or of mild steel, while 
the fire-box plates are almost invariably copper, on account 
of its high conductivity for heat, and its ability to stand 
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alternate expansion and contraction from heat and cold 
without cracking. 

Since Bessemer steel has attained its present state of 
perfection, making it available for boiler plates, some enter- 
prising engineers have tried to use it also for fire-box plates 
in locomotives. A measure of success has attended these 
experiments, but the general result has been to demonstrate 
that the very best copper that can be procured is far superior 
to any other metal for the purpose. 

The temperature in a locomotive fire-box varies to a great 
extent, the variations at times being very sudden and cover- 
ing a great range. At one moment an engine is dragging a 
heavy train at a high speed with the fire urged by a fierce 
blast and fed by a strong draught from below. Under such 
conditions the furniice is developing the maximum heat it is 
capable of producing. The next moment steam is shut off 
and the blast ceases, the damper is shut and there is no 
draught from below, all possible means being used to check 
the heat and prevent the generation of steam not then 
required for working the engine. Steel fire-box plates will 
not stand such sudden strains, and although they are much 
cheaper than copper in the first instance, the enduring 
powers of the latter under the conditions described, and its 
superiority as a conductor of heat, have proved it again and 
again to be the most economical in the long run. Steel 
has come very much to the front in recent years for the 
outer plates of locomotive boilers, although many engineers 
still prefer to use the best Yorkshire iron. Mr. Webb has 
been a great pioneer in the introduction of steel, and to 
show the important part it now plays in the construction of 
locomotive boilers, the following quotation is given from a 
speech he made to the Institution of Naval Architects in 1886. 

Speaking of the manufacture of steel boiler plates at 
Crewe, he said—" Since commencing to make steel plates, 
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we have made in the works 2752 locomotive boilers, work- 
ing at pressures varying from 120 to 180 lbs. on the square 
inch. We have also made 230 stationary and marine boilers 
for ourselves, and of all the material used, not a single plate 
has ever failed." 

The tubes are usually made of brass, although copper, 
steel, and iron all have their advocates as being suitable 
for the purpose. Of course the two latter have the re- 
commendation of being much cheaper than brass or copper, 
and on some railways they have been successfully used. 
However, it is generally conceded by the majority of loco- 
motive engineers that in the long run brass tubes prove the 
most economical and satisfactory. 

The usual thickness of the boiler plates and tubes is as 
follows, varying slightly under certain conditions — 

Steel plates, barrel and fire-box shell, ^ in. when pressure 
exceeds 140 lbs. per square inch. 

Yorkshire iron, barrel and fire-box shell, ^ in. 

Steel plates, barrel and fire-box shell, ^ in. when pressure 
is less than 140 lbs. per square inch. 

Copper plates, fire-box, exclusive of tube-plate, J in. 
„ „ „ tube-plate, | in. 

Tubes, 10 W. G. (wire gauge). 

Tubes external, diameter from ij in. to i|^ in. 

As already stated, this book does not profess to be a 
scientific work ; its purpose being more to give the reader, 
who may not feel disposed to dive into figures and calcu- 
lations, some information about locomotives in a condensed 
and intelligible form. It is therefore not intended to mathe- 
matically consider the various strains to which boiler plates 
are subjected, nor to analyze scientifically the strength and 
composition of the materials used in boiler construction. 
The writer will, in this chapter, simply endeavour to set 
forth some part of the general modern practice in respect 
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to locomotive boilers. He may be pardoned if in this and 
other matters he refers more especially to that which obtains 
on the London and North-Western Railway, with which his 
experience is connected, and which may be considered not 
only one of the foremost lines in the kingdom at the present 
day, but one of the oldest in existence. The engineers on 
this line have benefited by the intricate calculations and 
experiments made by the many eminent men who have been 
connected with the undertaking, since George Stephenson's 
" Rocket," the first locomotive with a multitubular boiler, 
ran -on what is now a part of the London and North- 
Western Railway. 

It may first be premised that it is very essential for all 
plates used in boiler-making to be of the very best quality. 
They have to pass through various processes which inferior 
plates cannot undergo without probable injury and deteri- 
oration. Among these processes are the following — 

Flanging. — Turning the edge over at right angles to 
the rest of th^ plate, to form a surface to rivet another 
plate to.. / . . 

Z>/W«^.— Working the plate into any other required form 
to make a joint with another plate. 

Punching, — Stamping holes in the plate for the reception 
of the rivets. 

Rolling, — Putting the plate through a roller-mill and 
bending it into a circular form, such as is required for the 
plates in the barrel of the boiler. 

The last two operations are performed when the plates are 
cold. 

Fig. 50 shows a section through the back plates of the 
fire-box and fire-box shell of one of Mr. Webb's boilers, with 
flanges at FF, to which the top plates of the fire-box shell 
and fire-box are riveted ; holes at H, punched for the rivets 
fixing the side plates and the plates dished at D, to form a 
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circular orifice called the fire-hole, through which the fuel 
is put on the fire. 

Until the introduction of soft mild steel, wrought-iron was 
the only metal possessing the neces- 
sary tenacity, toughness, and ductility 
for undergoing these operations, as 
well as the power of resisting sudden 
strains and alternations of tempera- 
ture. 

Steel has a much higher tensile 
strength than iron, and for that 
reason steel boilers may be made of 
thinner plates, and accordingly much 
lighter. Good mild steel also pos- 
sesses a superior ductility to wrought- 
iron, and therefore is more suitable 
for flanging. On the other hand, it 
requires greater care in heating, and 
in the regulation of the temperature 
at which it is worked. Also it 
must always be annealed after being 
punched. 

In flanging steel plates, the whole 
operation should if possible be performed in one heat ; this 
is done at Crewe by means of a powerful hydraulic press, 
with dies for all the different forms of plates required. As 
the machine shapes each plate in a few seconds and per- 
forms the operation with perfect accuracy, this method is 
far superior to the old system of doing the work with 
sledge-hammers, which necessitated each plate being heated 
a great number of times. Indeed, there is no doubt that 
the success achieved by Mr. Webb with his steel boilers is 
in a measure due to the superior appliances he has intro- 
duced at Crewe for the treatment of the plates. 
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The tensile strength of the various materials used for 
making boiler plates is here given — 

Ordinary Wrought-iron. — Twenty-one tons per square inch 
along the grain, and eighteen tons per square inch across. 

Best Yorkshire or Lozv Moor Iron. — Twenty-four tons 
along the grain, and twenty-two tons across. 

Steel, — Twenty-six to thirty-two tons per square inch. 
The different plates composing a locomotive boiler are 
fastened together by rivets. The rivet-holes in the plates 
are brought opposite each other, 
and the rivet, which is first made 
white-hot, is put into the hole as 
shown in Fig. 51. The head (H) is 
held firmly up against the plate (P), 
and the end of the rivet is then 
hammered or pressed by hydraulic 
pressure so as to form another head 
Figs. 51, 52. (H') pressing on the plate (P'), as 

shown in Fig. 52. 
There are two systems of riveted joints: (i) Lap Joints^ 
and (2) Butt Joints. The different kinds of "lap" and 
" butt " joints are shown in Diagram A, and are given in the 
order of their relative strength. 
(i) Single lap. 

(2) Double lap. 

(3) Single butt, one strip. 

(4) Double butt, one strip. 

(5) Single butt, two strips. 

(6) Double butt, two strips. 

It will be observed from the diagrams that in the case of 
double riveted joints the rivets are placed zig-zag, the 
reason being that the joint made is tighter than if the rivets 
were immediately opposite each other. When placed in the 
latter position (as shown in Fig. 7). the joint is called a 
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" chain riveted butt-joint." In actual strength this form of 
joint is the better of the two, but it is not much used in 




DIAGRAM A. 



practice, because it is not so tight. The usual thickness 
of rivets in locomotive boilers is f in. 

Lap-joints are generally used for making the circum- 
ferential joints in the cylindrical plates forming the barrel 
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of the boiler, but some engineers prefer butt-joints for 
the purpose. The longitudinal joints in these plates 
are always butt-joints, with inside and outside strips. 
The strips should be made of the same plate as the 
boiler itself. 

Rivet holes may be drilled, but in general practice with 
locomotive boilers they are punched when the plates are 
cold. Each method has advantages of its own. The chief 
argument against punching is that the plates are, to a 
certain extent, weakened by the process, and before the 
introduction of mild steel it was considered unwise to punch 
holes in steel plates ; now, however, mild steel plates are 
successfully treated in this way. 

One advantage of punching is that the edges of the holes 
are not sharp, as is the case when they are drilled, therefore 
there is less cutting action on the rivet. It has been found 
by experiment that when the plates are punched the rivets 
are stronger, although the plates are weakened to a greater 
extent than when drilled. When, on the other hand, the 
holes are drilled, the plates are not so much weakened, but 
the shearing tendency of the sharp edges of the holes 
lessens the strength of the rivet. The process of punching 
holes is of course very much more expeditious and less 
expensive than drilling, and the former method has practic- 
ally altogether superseded the latter in the manufacture 
of locomotive boilers. 

The plates must be very carefully marked out and 
punched in exactly the right place, or when they come to 
be put together they may be found not to correspond 
Should this be found to be the case with any of the holes, 
a drill is put through the two holes and a slightly larger 
rivet used. This difficulty in getting the holes exactly true 
is one of the chief arguments in favour of drilling. By 
putting the drill through both plates after fixing them in 
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position, the holes are of course bound to be exactly fair 
with each other. 

The holes formed by punching are always a little tapered 
through the action of the die-block, and when the plates 
are put together, the larger edges of the holes should be 
outside and the smaller next each other. This makes a 
tighter joint, as the expansion of the body of the rivet in 
the taper holes during the act of riveting tends to bring the 
plates more closely together than the mere pressure on the 
rivet heads would do. It should also be here noted that the 
contraction of the rivets in cooling exercises an irresistible 
force in pulling the plates together, and making the joint 
thoroughly steam-tight. 

Formerly, all riveting was done by hand, but a number 
of ingenious machines for riveting by hydraulic power 
are now constructed, and are so designed that they will 
reach all parts of the boiler. The work done by these 
machines is very much superior to hand riveting, as the 
pressure comes gradually on to the whole rivet and presses 
it fully into the hole before forming the head. With hand 
riveting, each blow from the hammer acts upon the metal 
where struck, and consequently the shoulder or head begins 
to be formed before the body of the rivet becomes any 
larger in the hole. Generally speaking, steel rivets should 
only be used when the riveting is done by hydraulic power, 
as they chill too rapidly when hanimered ; moreover, there 
is a risk of their overheating and burning. 

Having explained the method of fastening the plates to- 
gether, the various forms of plates used and the position they 
occupy, the component parts of the boiler may now be noted. 

The barrel is made of three plates, which fit into each 
other telescopically. 

The Back Plate is riveted inside the crown of the fire- 
box shell and shoulder plate. 
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The Middle Plate is riveted inside the back plate. 

The Front Plate is riveted inside the middle plate. 

T?ie Smoke-Box Tube Plate is a circular vertical plate, 
which forms the front end of the barrel. It is |-in. thick, 
and is fastened to the front plate of the barrel by a circular 
angle-iron. 

The plates of the fire-box shell are arranged as follows — 

One long plate forms the two sides and semi-circular 
top or crown. The back plate is flanged forward and 
riveted inside the last-named plate. The front or shoulder 
plate is flanged back and riveted inside the fire-box casings. 
The semi-circular top edge of this plate is flanged forward 
and riveted to the outside of the lower half of the barrel. 
This is a very important plate; it is subjected to severe 
strains, and great care must be taken when flanging not to 
damage it. 

Having seen how the outside plates are arranged, a 
longitudinal section through the boiler (Fig. 53) must be 
studied to gain some idea of its interior construction. 

D, is the dome ; F, cast-iron flange riveted to dome ; 
DC, dome cover ; DCF, dome cover flange. The cover is 
secured to the dome by two flanges, which are fastened 
together by studs (or bolts) and nuts. 

The use of the dome is to afford additional steam space. 
The supply of steam to the cylinders is taken from near the 
top of the dome with the object of getting it from as high a 
point as possible above the level of the water, to avoid 
primings a term used to describe the state of affairs when 
water enters the steam-chest and cylinders along with the 
steam from the boiler. The dome mostly in use at the 
present time is a vertical cylinder made of steel plates the 
same thickness as the boiler. 

The top and sides of the fire-box are made of one plate 
in a similar way to the top and sides of the fire-box shell, 
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but in this case the top is flat instead of semi-circular. The 
front plate (TP) is flanged backwards and riveted to the 
top and sides. It is called the tube-plate^ and is perforated 
with holes for the reception of the tubes in that part of 
it which is opposite the barrel. 

Fig. 54 is a half cross section and end view of the fire- 
box, which must be studied in connection with Fig. 53 to 
understand the position of the various parts named. 




Fig. 53. 



The smoke-box tube-plate (STP) is perforated with 
corresponding holes. These holes in both plates are drilled 
before the plates are riveted in their respective places. 
The top and bottom row of tubes are shown at TT. 

The back fire-box plate (BFP) is flanged forward and 
riveted to the top and sides in a similar way to the tube 
plate. All the flat surfaces of the boiler plates have to be 
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secured by stays ; the only plates that do not require staying 
being the cylindrical ones forojing the barrel. The space 
(WS) between the walls of the fire- 
box and the fire-box shell is usually 
about 3 in., and the distance from 
the top of the fire-box to the crown 
of the fire-box shell, 14 in. Round 
the fire-box, at a distance of 4 in. 
apart, are copper stays (CS). The 
stays have threads on them at each 
end, one end being screwed into the 
fire-box plate, and the other into the 
shell. After the stays are screwed 
into position, three-eighths of an inch 
projects beyond the outside of each 
plate, and these ends are riveted 
over. 

In the boiler shown in the sketch 
there are 198 tubes, i|^in. in diameter. 
The holes in the tube-plate are large 
enough for the tubes to fit them easily. The tubes are put 
in from the smoke-box end, and when in position, the ends 
are expanded in the tube-plates by a drift or tube-expander^ 
and thus made steam-tight in the tube holes. They are 
further secured at the fire-box end by ferrules driven tightly 
into the ends of the tubes. 

The tubes themselves act as stays to the tube-plates, thus 
making them perhaps the strongest part of the boiler. 
Above the tubes are longitudinal stays; long iron rods 
screwed into the fire-box shell at AA, and into the smoke- 
box tube-plate, at BB, above the tubes. 

These rods stay the flat surface of the smoke-box tube- 
plate above the tubes, and the flat surface of the back plate 
of fire-box shell above the fire-box, where it is not secured 




Fig. 54. 
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by the copper stays, which strengthen all the other parts of 
the shell. 

The flat top of the fire-box has to be securely stayed, 
which may be done in various ways. In the boiler shown 
in Figs. S3 and S4> ^^ is done by strong wrought-iron 
girders (RSG) placed longitudinally across the top of the 
box ; |- in. bolts (RB) are screwed steam-tight through the 
top fire-box plate into the girders, making the roof of the 
fire-box thoroughly rigid and strong. 

The girders are secured by links (L) to an angle iron (AI) 
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Fig. 55. 



riveted round inside the crown of the fire-box shell. This 
arrangement is shown by the cross section (Fig. 54), With 
a long fire-box there are two rows of these links, one at 
each end of the girders. 

Sometimes the stay bolts extend from the fire-box roof to 
the crown of the shell, into which they are screwed, as 
shown in Fig. 55. RS, roofing stay bolts; FR, fire-box 
roof; CSP, crown shell plate. This is a good arrangement, 
as the stays do not impede the circulation of the water over 
the top of the fire-box. 

It is most important that the roof of the fire-box should 
be efficiently stayed. There is a great pressure on this 
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plate; with 140 lbs. pressure per square inch it amounts to 
150 tons. It is subjected to a fierce heat from the fire, and 
in case of the boiler running short of water, it is the first 
plate that is left exposed. 

In the centre of this plate, therefore, is screwed a hollow 
brass plug filled in with lead. This is called a fusible plug, 
and constitutes a safeguard against the collapse of the top 
of the fire-box, in the event of the driver allow- 
ing the boiler to run short of water. A section 
of the fusible plug is shown in Fig. 56. (BB, 
brass; L, lead.) Directly the water gets below 
the level of the top of the plug, the heat from 
the fire causes the lead to melt, and the steam 
rushing through the orifice, puts the fire out. 
These plugs must be frequently examined and 
changed, as they gradually waste away, and if allowed to 
remain in too long, the lead is liable to be blown out and 
cause a failure. 

The usual thickness of the copper plates of the fire-box 
is J in., except the tube-plate, which is |- to i in. Iron 
rivets, f in. thick, are used for making the joints between 
the fire-box plates. 

The following are details of the various riveted joints 
used for the parts named — 

Fig. 57. Joint between barrel and smoke-box tube-plate. 
BP, barrel-plate ; A, angle iron ; T, tube-plate ; SBP, smoke- 
box plate. 

Fig- 58. Joint between top of fire-box shell and back 
plate of fire-box shell. SS, top of shell ; BP, back of plate 
of shell. 

Fig. 59. Joint between top of fire-box and back plate 
of fire-box. T, top ; B, back plate. 

Fig. 60. Longitudinal butt-joint of cylindrical plates of 
barrel. 
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In designing a locomotive boiler, care should be taken to 
arrange that all the different parts may be easy of access, 
in order that they may be taken apart with as little cost as 
possible. 

The proportion of the heating surface to the fire-grate 
area should vary from 60 : i to 90 : i. The relative value of 
the heating surface of the tubes and that of the fire-box is — 
Fire-box, \; tubes, 4. The proportion of heating surface of 
the tubes to that of the fire box is generally between 10 : i 
and 12:1. Wilh an ordinary-sized locomotive, the heating 
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Fig. 58. 
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surface of the fire-box is about no sq. fl., and of the tubes 
HOC sq. ft. 

The rule given for finding the required heating surface of 
a locomotive boiler in feet is as follows — 

(Diameter of one cylinder in inches) ^ x 4. 

Thus, if the engine has a cylinder 18 in. in diameter, the 
total heating surface should be 18 x 18 x 4 = 1296 
sq. ft. 

In Hutton*s Practical Engineer^ Handbook, the standard 
proportion of heating surface of locomotive boilers on 
various English railways is given as follows — 
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Railway. 


11 


Fire- 


Heating Surface. 


Fire- 
box. 


Tubes. 


Total. 




In. 


sq.fL 


sq.ft. 


.sq. ft. 


sq.ft. 


Great Northern Railway 


I8 


17-6 


122 


1043 


1165 


Brighton Railway 


17 


17-8 


102 


io8o 


II82 


Brighton Railway 


i8J 


20-65 


112 


1373 


148s 


Brighton Railway (Tank Engine) 
Midland Railway 


17 


16 


90 


858 


948 


18 


175 


1 10 


1096 


1206 


Great Western Railway (B.G.) 


18 


21 


153 


1800 


I9S3 


Great Western Railway (N.G.) 


17 


1625 


97 


I2I6 


1313 


Great Western Railway (N.G.) 


18 


17 


133 


"4S 


1278 


London & North-Westem Ry. 


16 


IS 


85 


1013 


1098 


London & North-Westem Ry. 


17 


IS 


89 


1013 


1 102 


London, Chatham, & Dover Ry. 




i6-3 


107 


962 


1069 


South- Western Railway 


i8i 


17s 


104 


1112 


1216 


Great Eastern Railway 


18 


173 


117 


1083 


1200 


Manchester S. & L. Railway ... 


174 


17 


87 


1057 


1 144 



The above table represents these particular phases of 
locomotive practice about the year 1866, but to compare it 
with modern practice, the author has compiled the state- 
ment on the opposite page, giving similar particulars with 
regard to some standard engines in the year 1899. 

The work done by hydraulic riveting machinery in the 
construction of locomotive boilers has been alluded to in a 
previous part of this chapter, and through the kindness of 
the late Mr. R. H. Tweddell, the writer is enabled to give 
the accompanying diagrams (Fig. 61), which illustrate the 
Tweddell hydraulic riveting machinery as used for the 
different parts of a locomotive boiler. 

The illustration is reproduced from the Proceedings of the 
Institution of Civil Engineers ^ March 6, 1883, when the late 
Mr. R. H. Tweddell read a paper on this subject. 

After the shell and most of the fire-box has been riveted 
in the stationary hydraulic riveter, the boiler is turned .over 
and placed on supports, as shown. It is then ready for 
the portable riveting machines. The one shown at letter 
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Railway. 


Diameter 

of 
Cylinders. 


Firc- 
Grate 
Area. 


Heating Surface. 


Fire-box. 


Tubes. 


Total. 




In. 


Sq. ft. 


Sq. ft. 


Sq.ft. 
Fire 


Sq. ft. 


L. & S. W., 6' 7" 
coupled 

Midland, 7' 9" 
single 


18x26 
19J X 26 


24 
213 


148 

1 

128 


tubes 1 187 

Water 

tubes 165 

Total 1352 

I10-5 


-1500 
1233 


Metropolitan, $' 6" 
4-leading Tank 


17x26 


167 


95-6 


1050 


1 145 


L. B. &S.C.,6'9" 
4-wheel, coupled 

Great Central, 5' i" 
Goods, 6- wheel, 
coupled 


18x26 
18x26 


1885 


1 10-35 
99 


1349-94 
1179 


146039 
1278 


Great Central, 7' 0" 
Passenger 


i8i X 26 


20 


109 


1209 


1318 


G.W.,6'8"coupled 


18x26 


231S 


124-41 


1395-62 


1520 -03 


L. & Y., 7' 3" 
coupled 


19x26 


2605 


175-8 


1877 


2052-8 


Midland, 5' 0" 
6-wheel, coupled, 
American Goods 


18x24 


16-5 


120 


1241-3 


1361-3 


G. N., rebuilt, 8' 0" 

single 
L. & N. W., Jubilee 

Type 


18x28 
2H p., 

15x24 

2L.P., 

194x24 


23-3 
20-5 


114 
159-1 


1096 
1 241 -3 


I2IO 
1400-4 


North-Eastem, 
Compound 


I H.P., 
19x24 

2L.P., 

20x24 


230 




~~ 


1328 



A is used to close the rivets in the smoke-box front, the 
gap being deep enough to reach over the corners of the 
plate where the cylinders are placed. This machine is 
also shown in another view. The same riveter is used for 
riveting-up locomotive frames and other odd work. 
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At letter B is shown a very compact form of machine for 
riveting the foundation rings. This machine is shown 
suspended by the hydraulic lift to the travelling monkey or 
carriage on the gib-crane. By means of the walking- pipes 
shown, pressure is conveyed to the riveters and can work 
them over two or three locomotives. Any of the portable 
riveters can be suspended to the lift according to the work 
to be done. This portable riveter (B) has a very small gap, 
which, while quite sufficient for the foundation rings, also 
allows of it being applied to riveting the fire-hole door rings. 
The ordinary plain ring fire-hole is shown, but the machine 
can also rivet the type of flanged fire-hole introduced by 
Mr. Webb. (See Fig. 50.) 

The two views of the portable riveter shown at C explain 
themselves — as also those at D. Praclically, every rivet 
can be put in a locomotive boiler by the Tweddell riveters, 
and Mr. Webb has stated (see p. 39, Proceedings of Me- 
chanical Engineers^ 1883) that **in the ordinary locomotive 
boiler of the London and North-Western Railway Co., 
there was not a single rivet that could not be put in by 
hydraulic pressure, and hand riveting had been entirely 
abandoned"; and, in the same paper, Mr. Webb made some 
very appreciative remarks as to what locomotive engineers 
owe to Mr. Tweddell. 
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CHAPTER yi. 

BOILER FITTINGS. 

The fire-bars may either be made of cast or wrought-iron ; 
perhaps, on the whole, the former is most extensively used. 
They extend horizontally from front to rear of the fire-box 
and are vertically taper, the thin edge downwards to allow 
free passage of air up to the grate surface. The bars are 
held in position by racks or carriers extending from side to 
side of the bottom of the fire-box. A plan and sectional 
elevation of fire-grate with cast-iron bars is shown in Figs. 
62 and 63. 

The fire-bars (FB) rest upon the carriers (CC) : two of 
these carriers are made of cast-iron and extend from side 
to side of the fire-box, one at the front underneath the 
tube-plate and the other at the back under the fire-hole. 
The central carrier is made of wrought-iron, and extends 
across the centre of the box. The front and back carriers 
are held in position by the bolts (B) which pass through the 
foundation ring and are riveted over at R. These bolts 
project some 4 in. into the fire-box, and upon them are 
fixed the washers (W) to keep the carriers away from the 
side of the box. 

The carriers are screwed up by the nuts (N) against the 
washers, and are thus kept firmly in position. 

The central carrier is supported by brackets (X), which 
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are riveted to the fire-box plate through the foundation 
ring. 

The table (p. no) shows the proportion of air space to 
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DC DC 

the grate area, with the fire-bars of different railway 
companies' locomotives.* 

* This information was obtained some few years ago, and may not 
now be quite up to date. 
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Below the bars is the ash-pan, which is made of wrought- 
iron, and is attached by bolts to the foundation ring. The 
ash-pan is rectangular in shape, being about 12 in. deep, 
and in plan the same size as the fire-box. 

At the front of the ash-pan, and also at the back with 
engines that have to work trains either way without turning, 
is a door called a damper. . This door is hinged at the top, 
and is actuated by a rod from the foot-plate. In the rod are 
notches which fit into a catch, so that the damper may be set 
in any required position. The function of the damper is to 
admit and regulate the supply of air below the fire. 

Inside, up against the tube-plate and side of the fire-box 
is a brick arch, which extends partly across the fire-box. 
This is made of ordinary fire-bricks ; the ends of the arch 
rest on studs projecting from the sides of the fire-box, and 
the bricks are kept in position by the spring, which is 
generally about 4 in. 

The object of the arch is to deflect the gases as they 
arise from the furnace, and thus cause a more perfect 
combustion before they escape away through the tubes, 
than would take place if they found their way direct 
into the tubes without any obstruction. The arch has also 
the effect of sending the gases up towards the top of the 
box, and thence through the top rows of tubes. 

The fire-hole door is an important part of the boiler, as 
by it the draught to the top of the fire is regulated. 

There are various forms of door in use. One rather 
favourite device is to have the door in two halves, made 
to slide in a frame fitted with grooves at the top and 
bottom. The two halves are rectangular wrought-iron 
plates about ^ in. thick, connected to a handle by a 
simple arrangement of levers, which, when the handle is 
moved, causes the plates to shoot outwards to expose the 
fire-hole, or come together to close it The handle should 
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be so placed that the driver can actuate it without moving 
from his position on the foot-plate. 

Inside the fire-box, immediately over the fire-hole, is a 
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Fig. 64. 



deflecting plate extending downwards part of the way 
across the fire-box. When the door is opened, cold air 
rushes into the fire-box, and the object of this plate is to 
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deflect it downwards on to the fire, and prevent it striking 
right across the box on to the tube-plate. 

Mr. Webb has introduced an ingenious fire-hole door, 
which acts both as door and deflector-plate, of which an 
illustration is given in Fig. 64. The door (D), which opens 
inwards, is hung upon the hinge (H) which forms part of 
the cast-iron frame (F). The links (I) connect the door to 
the lever (L), which works on the pivot (P). The lever is 
cranked at P, and works in a small quadrant (Q). This 
quadrant is fitted with teeth as shown, so that the door can 
be set in any position required. The door is shown closed, 
but when open occupies the same position as a deflector- 
plate, which is indicated by the dotted line. These doors 
wear out rather quickly from being constantly exposed to 
the action of the fire, but they are very easily renewed, and 
being made of cast-iron, inexpensive ; and after all they do 
not wear away any quicker than an ordinary deflector-plate. 
The cast-iron frame is not affected by the fire, and when a 
new door is required, the old one has merely to be detached 
by removing two bolts (B). 

The smoke-box is in shape a continuation of the barrel 
of the boiler towards the front of the engine, and is the 
same length as the cylinders. It is formed by two bent 
wrought-iron plates, usually -j^ths of an inch thick, with a 
joint at the top. The plates are riveted or bolted to the 
flanged edge of the smoke-box tube-plate, and fastened by 
screws to the frame-plates at the bottom edges. 

Riveted round inside the front edges of the plates is an 
angle iron, to which the front of the smoke-box is riveted. 
The front is made in one piece, ^ in. thick, with a large 
aperture in it, over which the door fits. This aperture is 
about 3 ft. 10 in. in diameter, and at the side of it are 
hinges upon which the door hangs. Across it are two 
strong iron stays or cross-bars, about i^ in, apart. The 
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door is convex from the outside, and when shut its outer 
edges must be a good fit against the smoke-box front, so as to 
prevent any entrance of draught except through the fire-box. 

Through the centre of the door is a rod, at one end of 
which is a dart-shaped catch, which passes between the cross- 
bars. At the other end of the rod is a handle, which, when 
the door is closed, is turned through a quarter of a circle, 
bringing the catch across the bars and making the door fast. 

The outer end of the rod has a screw-thread, and upon 
this screw is a second handle, acting as a nut which, when 
screwed tight up against the centre of the convex door, 
presses its edges close up against the front of the smoke-box, 
thereby making an air-tight joint. The smoke-box door 
gives access to that part of the engine for cleaning and 
repairs. 

The safety-valve is one of the most important fittings of 
a steam boiler, whether it be that of a locomotive or any 
other class of engine. As its name implies, the function 
of the valve is to secure immunity from the explosions 
which might arise from an excessive pressure of steam. 

In the earlier days of locomotives such explosions were 
by no means rare events, and many treatises have been 
written upon their cause and cure. At the present time the 
construction of boilers is so well planned, and the strength 
of materials so accurately calculated, that an explosion is 
happily a very rare occurrence indeed, notwithstanding the 
fact that since the days of the ** Rocket " the ordinary working 
pressure has gradually increased from 50 to anything 
between 150 and 200 lbs. per square inch, the latter 
pressure being carried in some of Mr. Webb's most recent 
express passenger engines. 

A modern engine running a heavy express train develops 
steam as fast as it can be passed through the cylinders. 
The maximum height of water is maintained, and also the 
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maximum steam pressure ; therefore, all the steam used in 
working the engine and escaping from the boiler through 
the cylinders is over and above that indicated by the 
pressure-gauge. 

Now when a driver has to make a quick stop unexpect- 
edly, he shuts the regulator with the boiler working under 
these conditions, and the consequence is that the steam, 
which is being generated as fast as the boiler is capable of 
producing it, is suddenly denied the outlet through which 
it was passing. Hence comes a rapid accumulation of steam 
in the boiler, and consequently an enormous increase of 
pressure. 

Were there no other outlet to relieve this pressure during 
the first minute or so after closing the regulator, while the 
fire is still under the influence of the blast, it would rise to 
more than any ordinary boiler could stand, and an explosion 
would be the result were it not for the safety-valve. 

When making a regular stop, for which preparation is 
made in the ordinary course, such a great increase of 
pressure can be prevented by a process to be explained 
hereafter. But emergencies may arise in which the safety- 
valve must be able to discharge steam as fast as it is 
possible for it to be generated, when the boiler is working 
at the maximum pressure. However rapidly the steam is 
being generated, the pressure must never be allowed to 
exceed by 10 per cent, that at which the safety-valve 
begins to act. Of course this is a matter of calculation 
based upon experiments and previous experience, the results 
of which show that the lift of a safety-valve with a flat face 
should be equal to one-fourth the diameter of the valve, to 
make the opening for the outlet of steam equal to the area 
of the valve. 

Some time ago Mr. Webb made some experiments with 
a locomotive boiler to ascertain the size of the orifice 
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through which it was possible for all steam the boiler was 
capable of generating to pass, with the result that he found 
a pipe I J in. in diameter was sufficient to discharge it as 
fast as generated without raising the pressure. 

The two kinds of safety-valves most generally used with 
locomotive boilers are the spring-balance and Ramsbottom's 
duplex safety-valves. The former is the outcome of the 
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old weighted-lever still frequently used with stationary 
boilers — the spring acting on the lever instead of a weight — 
and the latter consists of a strong spring exerting its power 
directly upon the valves against which the steam presses. 

With the spring-balance the spring acts upon the long 
arm of a lever with a very short purchase, so that a strong 
spring is not required. Fig. 65 illustrates a safetv-valve of 
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this description. The lever (L) has a fixed point (P), and 
extends to S, where its upward movement is resisted by 
the spring in the balance-casing (BC), which can be 
adjusted so as to bring any required power to act upon the 
end of the lever. The steam acts upon the valve (V), 
forcing it against the lever at the point (P). With a safety- 
valve of this description the lever is generally so divided 
that I lb. at its extremity balances i lb. per square inch 
of the valve surface. 

The form of Ramsbottom safety-valve in use on the 
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London and North-Western Railway engines is shown by 
Fig. 66. In the original form of this valve the steam 
escapes through two brass pillars with a mushroom valve 
at the top of each, the spring being between the pillars, 
coupled at its lower extremity to a fixed eye-bolt, and 
attached at the top to the centre of the lever which crosses 
above the pillars. 

As a less expensive and equally effective arrangement, 
Mr. Webb has adopted the plan of making one casting with 
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two cylindrical outlets (CO) for the steam, in place of the 
brass pillars. Each of these outlets is fitted at the top with 
a valve (V). The spring, which can be adjusted by the nut 
(N), fits into a chamber (C) between the two outlets, and is 
connected at its lower extremity by a stirrup-link (SL) to 
(F) the centre of the lever. This will be readily understood 
on referring to the illustration. 

The top of the spring presses against the large circular 
head of a bolt (B), whose lower end is attached to the main 
casting, and thus the valves (V) are kept pressing tightly, 
down on their seatings. The lever is prolonged so as to 
be within the driver's reach, and if there is any question of 
the valve sticking, by pressing the lever down he relieves 
the pressure of the spring upon the valve furthest away from 
him, and by raising it the pressure is released on the nearer 
valve. 

The valves are three inches in diameter ; the spring has 
six coils 2| in. internal diameter, made of steel -Ji in. by 
fl in. The usual position of the safety-valve is just in 
front of the cab on the top of the boiler, but sometimes it 
is placed on the top of the dome, or between it and the 
chimney. 

Another important adjunct to the locomotive boiler is the 
apparatus by which the feed-water for generating the steam 
is conveyed into it. Every locomotive carries a supply of 
water in a tank, in addition to that which is being converted 
into steam in the boiler. There are two systems by which 
the water is conveyed from the tank to the boiler, viz. by 
the pump and by the injector. The former is simply an 
ordinary force-pump usually driven by an eccentric fixed 
upon one of the axles. At one time this was the only 
known way of introducing water into a steam boiler. 

A locomotive feed-pump is illustrated by Fig. 67. The 
ram (R) moving forward in the direction of the arrow by 
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the action of an eccentric fixed upon one of the axles, 
opens the ball-valve (V), through which it draws from the 
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Fig. 67. 



tank the water which fills up the chamber (C) behind the 
ram. After going the full length of the stroke, the ram 
moves back in the opposite direction, and the pressure of 
the water closes the valve (V) and 
forces open Vi, through which 
the water passes into the delivery- 
pipe (DD) and thence to the 
boiler through the clack-box. 

An ordinary form of clack-box 
is illustrated in Fig. 68. The 
water enters at W, forcing up the 
valve or clack (V), and passing 
through the passage (P) into the 
boiler. In the event of anything 
going wrong with the pump, the 
pressure in the boiler keeps the 
valve (V) closed. The cover (C), which acts as a stop for 
the clack, is screwed into the clack-box, and can be taken 
oflf when required for purposes of examination. The water 
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is supplied to the pump from the tank through the feed- 
pipe, below the valve V (Fig. 67). 

The more recent system of introducing water into the 
boiler by means of an injector is more difficult to describe. 
A simple form of this apparatus is illustrated by Fig. 69. 
Steam is conveyed from the boiler to the injector by the 
branch-pipe (S). The space coloured pink is pure steam, 
which is admitted to the injector through the conical nozzle 
(N). The amount of steam admitted is controlled by 
screwing up or down the spindle (V), which is actuated by 
the steam regulating wheel (SRW),, and can be screwed 
right into the nozzle, thus closing the orifice altogether when 
required. 

The water enters the injector at W, and the space 
coloured blue is all pure water. The admission of the 
water is controlled by the cone (G), which is moved up and 
down by the pinion (P), actuated by a small cog-wheel and 
rack, controlled . by the hand-wheel (WRW). The steam 
and water meet in the cone (C), and the mixed jet of 
steam and water coloured purple, discharged through the 
delivery-pipe (D), forces back a valve and so gains entrance 
into the boiler. If the injector is not working properly, 
the water, instead of entering the boiler, finds its way into 
the overflow-chamber and out through the pipe (O), thus 
indicating to the driver that there is something wrong. In 
such cases the steam and water-cones must be adjusted 
until it is found that the water is being delivered into the 
boiler. 

The principle upon which the injector works may be thus 
briefly stated. 

The velocity of a jet of steam forced through an orifice 
under a certain pressure is much greater than the velocity 
of a jet of water forced through a similar orifice under the 
same pressure. The jet of steam forced into the injector 
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from the boiler is condensed into water by coming into 
contact with the cold water at C, but although condensed 
into watery its velocity is not reduced to that of a jet of water 
under the same pressure, and therefore the jet is able to 
overcome the pressure in the boiler. 

When once the injector has started, the condensation of 
the water causes a vacuum, and more water rushes in 
through W, keeping up a continuous jet, which is forced 
into the boiler. A good injector will lift its own water 
supply lo to 20 ft, and each pound of steam used should 
carry with it about i8 lbs. of feed- water into the boiler. 
Most injectors will not work with hot water, although the 
temperature of water in passing through the injector is raised 
about 100 degrees Fah. The feed-water should enter the 
boiler through a pipe, the discharge from which should be 
a little below the working level of the water, but above the 
level of the top of the fire-boxr Being colder and heavier 
than the water in the boiler, it descends by gravitation, and 
thus promotes circulation. If the discharge is below the 
level of the furnace crown, in case of failure of the injector- 
valve, the water may be forced back through the delivery- 
pipe and expose the fire-box plates to the action of the fire. 

Of late years many improved forms of injector have been 
brought out, the more recent ones having the special 
advantage of being able to inject hot water. The chief 
advantages claimed respectively for the pump and injector 
may be thus briefly summed up — 

An injector can be worked at any time whether the 
engine is standing or moving, whereas with a pump no 
water can be got into the boiler unless the engine is in 
motion. This was the cause of many difficulties in past 
times, when it was frequently necessary to run engines up 
and down sidings, and sometimes on the main line, for no 
other purpose than to pump water into the boiler. When an 
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engine was hemmed in by other engines or vehicles so that 
there was no room for it to move, the plan often resorted to was 
to oil the rails, screw tlie tender-brake hard on, and open 
the regulator. This caused the wheels to fly round on the 
slippery rail, and thus work the pump and fill up the boiler, 
to the great detriment, however, both of the engine and of 
the rails upon which the wheels revolved. A further ad- 
vantage is that the injector absorbs less power, and is only 
in action when required. Also it is always possible to tell 
whether it is working or not. 

In favour of the pump, it may be observed that it will 
pump hot water into the boiler, and can therefore be worked 
without appreciably reducing the pressure of steam. Also 
that it is on the whole more certain in its action, and is not 
subject to climatic influences, whereas the injector often 
gives trouble and sometimes causes absolute failures in hot 
weather. 

The late Mr. W. Stroudley, locomotive superintendent 
of the London, Brighton and South-Coast Railway, always 
upheld the old system of pumps. He used no injector, but 
fed his boilers with water heated in the tender-tank by 
exhaust steam, and there is no doubt his engines compared 
well with many others in point of economy of fuel. 

The only way to get the full benefit of pump and injector 
would be to fit an engine with one of each, the pump to 
be used while running, and the injector when standing. In 
that case there should be two separate tanks, one to carry 
hot water for the pump, and the other cold for the 
injector. The usual plan is to fit engines either with two 
pumps, or with two injectors, so that in case of one failing 
the other can be used to keep up the supply of water to 
the boiler. Many injectors are now coming into the field 
that work with fairly hot water, and it is likely that feed- 
pumps will soon be altogether superseded. Indeed, the 
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immense advantage the injector has of being able to work 
when an engine is standing almost outweighs every argument 
in favour of the pump. 

The action of the injector may almost be called phe- 
nomenal, when it is considered that steam taken from the 
boiler is actually able to drive water into the same boiler 
against a pressure greater than its own. 

The injector was invented in the year 1868 by the late 
M. Henri GifFard, a French scientist ^ who thus has the 
honour of having made one of the most important discoveries 
of modern times in connection with the steam-engine. Since 
its first introduction there have been many improvements 
made and patents taken out in connection with injectors, 
but the principle is the same with all. 

Fig. 70 illustrates an improved pattern of injector brought 
out by Messrs. Gresham and Craven. The advantages 
claimed for it are that it is perfectly automatic in its action 
and starts to work instantaneously upon opening the steam 
and water-cocks, and should it cease working from any 
cause, such as the momentary stoppage of steam or water in 
locomotives occasioned by shunting or passing over cross< 
ings, it will re-start itself automatically. The cones can easily 
be taken out and cleaned without breaking any pipe-joints. 
Its action is thus briefly described by the makers — 

A is the steam-nozzle ; BB the combining-cone, which is 
divided into two parts as shown ; C is what is known as the 
throat or smallest diameter of the cones, and D is the 
receiving or delivery-cone ; E being the back pressure valve, 
the other valves, as well as the various branches, being 
clearly marked upon the engraving. The combination- 
injector is completely self-contained, having combined in 
one instrument, along with the nozzles, the whole of the 

1 The injector was first brought out in this country by Messrs. Sharp 
Stewart and Company. 
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valves for regulating and starting, the valves being as 
follows :— Steam- valve, back pressure valve, stop- valve for 
closing off when back pressure valve requires cleaning or 
grinding, water-regulating cock, and overflow or warning-cock. 
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Fig. 70. 



By the use of this injector there are no pipes whatever 
under pressure, and consequently its action can never be 
interfered with through burst pipe-joints. It is fixed upon 
the fire-box of the locomotive, which is the handiest 
position for manipulation, as it can be worked easily 
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without the driver's attention being taken off the signals. 
The steam is conveyed from the dome to the opening in 
fjxing-flange marked " Steam," the feed-water being carried 
from the opening marked " Feed " by means of an internal 
pipe over the fire-box, and into the water space of the 
boiler. 

The operation apd action of the injector are as follows — 
First open the steam-valve and the water-cock, the steam 
will then flow along the passage marked F, and entering 
at the steam-nozzle pass out of it at a great velocity, and 
through the first part (B) of the combining-cone, escaping 
at the opening between BB into the overflow-chamber (C), 
and out at the overflow-pipe, thus creating a suction in the 
water-pipe which causes the water to be lifted and brought 
into contact with the steam. The steam and water now 
combine together in the cone B, and also pass up through 
cone B', thus allowing this latter cone to fall upon the valve 
seating at the top of B, the two cones then becoming 
practically one. 

Should too much water be passing into the injector to be 
in proportion to the quantity of steam due to the boiler- 
pressure, there will be a loss of water at the ordinary 
overflow opening, /. e, the space at the top of cone B, 
and between it and the throat (C). This waste of water 
at the overflow-pipe is an indication that the water 
admission requires adjusting by means of the water-cock. 
When this adjustment has been made there will be no 
escape at the overflow-pipe, and the jet will pass through 
the overflow space, entering the receiving cone (D), 
and thence through the back pressure valve (E) into the 
boiler. 

As will be readily seen by the engraving, it is a simple 
matter to remove the back pressure valve-clack, either 
for cleaning or re-grinding, and by means of a special 

K 
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key to take out the whole of the cones of the injector for 
examination if needed. 

Fig. 71 illustrates an injector introduced by Mr. Webb, 
and similar in construction to the standard pattern used on 
London and North-Western engines. It is simple in de- 
sign, neat in appearance, and gives very little trouble in its 

working. The following is 
an index of its various 
parts, which can be readily 
understood by comparing 
them with those already 
described — 

W = Water supply. 
SB = Steam-branch. 
S = Steam-pipe. 
SC = Steam-cone. 
B = Barrel. 

OC = Overflow-chamber. 
C = Combining-nozzle. 
OT = Overflow-tap. 
D = Discharging-nozzle. 
X = Rod for overflow-tap. 
H = Handle of overflow- 
tap. 
HW = Hand- wheel for raising or lowering the combining 
and discharging nozzles. 
V ■= Ball-valve or clack. 

A = Stop-cock, to prevent back flow of water in case of 
failure of injector valve. 

The valve for admitting and regulating the supply of 
steam from the boiler to the cylinders of a locomotive is 
called the regulator. There are various types of regulator, 
one of the most favourite being that adopted by Mr. 
Ramsbottom (as shown in Fig. 72). It consists of a double- 
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seated valve (V), fixed vertically in the dome on the end 
of the steam-pipe (SP). Attached to this valve is a rod 
(R), which extends downwards, and is connected to an 
eccentric-rod (ER) by the pin (P). The eccentric (E) is 




Fig. 72. 



fixed on the end of a long rod (HR), which extends 
horizontally through the barrel of the boiler, above the fire- 
box and through a stufl5ng-box (SB) on the back plate of 
the fire-box shell. 

At the end of this rod, working in a quadrant (Q) affixed 
to the boiler-plate, is a handle (H), by means of which 
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the driver moves the rod, thus causing the eccentric to 

revolve in the segment of a circle, and transmit the 

movement to the regulator-valve, opening or shutting it 

to the extent to which the handle 

is moved. 

An early type of regulator, and 
one still commonly used, is shown 
in Fig. 73. In this instance the 
admission of steam to the steam- 
pipe is controlled by a flat valve 
(V), working on a face with ports 
in the same way as the slide-valve, 
which admits steam from the steam- 
chest into the cylinder. On the 
back of this valve, kept in position 
by the spring (S), is the small 
valve (SV), which receives the first 
movement of the eccentric, and 
causes the steam to be admitted 
through the small port (SP). On the pin (P) coming in 
contact with the valve (S) at the point A, the larger valve 
is actuated and the port opened. 

The object of the small port is to prevent steam being 
admitted too suddenly into the cylinders. When the piston- 
head is suddenly subjected to the full steam-pressure, a 
great strain is put upon the working parts of the engine, to 
avoid which, steam should always be applied very gradually 
in starting. 

The valve of this type of regulator is usually actuated by 
an eccentric in the same way as with the Ramsbottom 
regulator. The arrangement will be understood by referring 
to the sketch. 

The pipe for conveying the steam from the regulator to 
the cylinders is usually made of copper, and is 4J in. in 
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diameter. This pipe extends horizontally inside the boiler 
from the dome to the smoke-box tube-plate, through which 
it passes into the smoke-box, and is jointed on to a 
vertical pipe, which is fixed by studs to the top of the 
steam-chest. 

The position of these pipes will be best seen by referring 
to the sectional drawing (Fig. 53, p. 103). 

In order to show the height of the water in the boiler, 
a water gauge is fixed to the back plate of the fire-box 
shell in a convenient position, to be well within sight of 
the men on the foot-plate. This gauge consists of a 
strong glass tube fitted into the sockets of a brass stand 
at top and bottom. These stands are fixed by studs and 
nuts to the boiler-plate; the upper one is about 3 in. 
above the working level of the water, and forms a pas- 
sage for the steam from the boiler into the top of the 
glass, the lower stand is level with or just above the 
top of the furnace-crown, and by it water enters the 
bottom of the glass. Each stand is fitted with a cock 
to shut off the steam from the glass in case it should 
break. The pressure in the gauge-glass is the same 
as in the boiler, and the level of the water in the glass 
tube correctly represents the height of water in the 
boiler. 

The bottom stand is fitted with another cock below the 
glass which, when opened, allows steam and water to blow 
through from the boiler, thus keeping clear the steam and 
water passages, and maintaining the gauge in proper working 
order. 

This cock should be opened occasionally during a trip 
to prevent the passages getting choked up. The cocks 
used are generally ordinary plug-taps, and if a glass breaks 
(a not unfrequent occurrence) there is often a difficulty in 
shutting them, owing to the rush of steam and water from 
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Fig. 74. 



the broken glass, and many more or less serious scalds have 

resulted from the operation. 

To obviate this, Mr. Webb has introduced an ingenious 
contrivance, by means of which 
the taps close automatically in 
the event of a gauge-glass break- 
ing. An illustration of one of 
these gauges is shown in Fig. 

74. 

The working level of the 
water in the boiler is shown by 
the dotted lines. This may 
vary, but it is best to keep the 
water at such a height under 
ordinary circumstances that the 
gauge-glass is nearly full. The 
water enters the gauge-glass 
through the lower opening (LC) and the steam through 
the top opening (TC). With the gauge shown in the 
illustration, instead of these openings being fitted with 
ordinary plug-taps, the small balls (A) and (A') are used. 
They are shown in the position they occupy when the gauge 
is working. If the glass breaks, these balls are forced by the 
pressure in the boiler into the position shown by the dotted 
circles, like the ball in a patent soda-water bottle, and thus 
prevent water or steam from entering the gauge. 

After a new glass has been put in, the plungers (B and B') 
are pressed inwards and force the balls off the seatings, 
allowing steam and water to enter the glass. The pressure 
in the glass then becomes the same as in the boiler, and the 
balls remain in their normal working position. To get a 
" blow through,'* the handle (C) is pulled into the position 
shown by the dotted lines. This opens the seating (V), and 
allows steam and water to pass through to the waste-pipe 
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(W). The glass is kept steam-tight by india-rubber packing 
rings inside the nuts (NN). 

Many locomotive engineers fit all their engines with two 
water gauges, so that in the event of one failing the driver 
can finish his trip without inconvenience. Two gauges also 
have the advantage of at once indicating if one of them is 
not working correctly, as the levels shown do not agree. 
Engines not so fitted must, in addition to the one water 
gauge, have two test taps fixed to the boiler plate, one about 
level with the top of the gauge-glass and one with the bottom. 
By them the height of the water can be approximately 
gauged. So long as water issues from the bottom tap there 
is enough in the boiler ; directly it gets below that level, so 
that only steam appears on its being opened, the boiler is 
getting short and the water down to the level of the furnace 
crown. When working with the test taps, the water should 
always be kept about level with the top one. The worst 
feature about test taps is that they are apt (notwithstanding 
instructions to the contrary) to get neglected. When a 
driver goes a long time with his gauge-glass working satis- 
factorily, if a mishap occurs, it too often is found that the 
test taps are out of order and unworkable. 

The steam pressure is recorded by a gauge with graduated 
dial and pointer. It is fixed in a convenient position in 
the cab where the driver can best see it when standing at 
his proper post. The steam is conveyed to the pressure 
gauge by a small pipe about f in. internal diameter. The 
pipe is fixed to the boiler in any convenient place above 
the water level, and the steam from the boiler comes in 
contact with a small piston which acts upon a spring 
which is part of the mechanism of the gauge. This spring 
in turn causes a small vertical rack to move upwards 
and actuate a cog-wheel carrying the needle or pointer, 
which is thus made to travel round the face of the 
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dial and record the pres* 
sure. The movement of 
the spring, and conse> 
quently of the needle, 
depends upon the force 
acting upon the small 
piston, and hence the 
varying pressure is shown. 

Fig. 75 illustrates an 
ordinary pressure gauge 
of the usual type. 

Before leaving the sub- 
ject of the steam-gauge, 
our readers may be in- 
terested in the following 
copy of a letter which 
appears in Smiles's Life of George Stephenson — 




Fig. 75. 



'« Tapton House, Chesterfield, 
" October, 1847. 

"A most important invention has been submitted to me 
for my approval, patented by a Mr. Smith of Nottingham, 
and intended to indicate the strength of steam in steam- 
engine boilers. It is particularly adapted for steam-boats, 
and can be placed in the office of every manufactory where 
a steam-engine is used, at a considerable distance from the 
boiler. I am so much pleased with it that I have put one 
up at my own collieries. It is some distance from the 
boiler, in another house, and works most beautifully, show- 
ing the rise and fall of the steam in the most delicate 
manner. The indicator is like the face of a clock, with a 
pointer making one revolution in measuring from i lb. to 
100 lbs. upon the square inch upon the pressure of steam. 
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It is quite from under the control of the engineer, or any 
other person, so that its indications may be relied upon ; 
and the construction is so simple that it is scarcely possible 
for it to get out of order. I might give a full explanation 
of the machine, but I think it best to leave that to the 
inventor himself. The numerous and appalling accidents 
which have occurred through the bursting of steam-boat 
boilers have induced me to give you the observations which 
I think desirable to lay before the public I may state 
that I have no pecuniary interest in the scheme, but, being 
the first person to whom it has been shown, and the first 
person to make use of it, I feel it a duty I owe to the 
inventor, as well as to the public, to make it as universally 
known as possible. The indicator is put up at Tapton 
Colliery, near Chesterfield, and may be seen any day by 
any respectable person. 

** (Signed) George Stephenson." 

A large tap, called the " blow-oflf cock," is fixed to the 
lower part of the fire-box shell. It is turned off and on by 
a handle from the foot-plate, and is used to let the water 
out of the boiler when necessary to empty it, or to lower it 
if required, should the boiler be too full. Of course the 
water must never be allowed to sink below the top of the 
furnace crown when the engine is in steam. 

The London and North-Western Railway boilers have 
underneath the barrel an aperture called the ** man-hole," 
which is shown in Fig. 53, p. 103. A flat cover (C) 
is attached by studs to the flange (F). Upon this cover 
inside the boiler at Z is placed a circular piece of zinc, 
which acts chemically upon the water, having a deterrent 
effect upon the formation of scale on the boiler plates 
and tubes. The man-hole also enables sediment and 
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scale which may fall from the tubes to the bottom of the 
barrel of the boiler to be cleared out. 

In various convenient parts of the boiler plates are 
holes about ij in. in diameter. These are for washing 
out, and are called " mud-holes " ; they are tapped 
with a very fine thread, and solid brass plugs are screwed 
into them in the same way as the fusible plug is screwed 

into the furnace crown. The 
plugs are taken out when 
" ) the boiler is washed out, 
and a continuous stream of 
cold water is kept circulat- 
ing through the boiler, being 
put in through the topmost 
hole and finding its way out 
through the lower ones. 
While the water is thus cir- 
culating, copper rods are 
thrust through the holes and 
scrape out the dirt. The 
boiler of a London and 
North-Western engine has 
altogether about a dozen of 
these wash-out plugs. 

The whistle is made of 
brass, and is fixed at the 
top of the boiler near the 
cab. The steam should be conveyed to it from as high 
a point as is convenient, so as to get it pure and free 
from water, otherwise the sound is not clear. Fig. 76 
illustrates the section of a whistle used on the Fumess 
Railway. Steam enters through AB into the chamber (P), 
from whence it passes through the holes (H) into the outer 
chamber (C), and up through the narrow circular passage 
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(P). The bell (B), which is screwed op to the pillar (A), is 
turned true at its outer edge, which edge is about f in. above 
and exactly over the narrow passage (F), and the steam 
striking the thin edge of the bell at B', causes it to vibrate 
and produce a shrill sound in a similar manner to the action 
of an organ-pipe. The lever (L) depressing the valve (V) 
by means of the spindle (S), admits the steam to P. 

The blower, or steam-jet, is a pipe fixed in the chimney. 
A handle on the foot-plate is connected usually by a rod 
extending along the side of the boiler to a steam-cock at the 
side of the smoke-box, which turns the steam into the blower- 
pipe. This pipe sends a jet of steam up the chimney, and 
causes an induced draught on the fire, acting in exactly the 
same manner as the blast-pipe. It is used to urge the fire, 
if necessary, when getting up steam ; and also, when turned 
slightly on, prevents the emission of smoke from the 
chimney if an engine has to stand at a station with a strong 
fire, or one that has recently had coal put on. 
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CHAPTER VII. 

CYLINDERS, PISTONS, AND CONNECTING-RODS. 

When the cylinders of a locomotive are placed side by side 
between the main frames, the engine is known as an Inside 
Cylinder Engine. This position necessitates the employment 
of cranks upon the driving axle to communicate the steam 
pressure to the driving-wheels. 

An Outside Cylinder Engine has the cylinders outside the 
main frames on either side of the engine, and the pistons 
and connecting-rods work on to crank-pins fixed to the 
driving-wheels. With this arrangement the axle between 
the driving-wheels is straight, no cranks being needed. 

These are the two standard positions for the cylinders 
of locomotive engines, some engineers preferring " outside " 
and others "inside" cylinders. If the steam-chest is 
placed centrally between them, the diameter of inside 
cylinders is restricted, because the distance between the 
frames is unalterable, and cannot exceed 4 ft. 2 in., as it 
depends on the fixed 4 ft. 8J in. gauge. In the earlier days 
of locomotives, the usual internal cylinder diameter was 
about 12 in., but this has gradually increased until a maxi- 
mum of 20 in. has been reached with some ordinary high- 
pressure cylinders. Seventeen inches is a diameter 
frequently used, and if inside cylinders are larger than this, 
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the steam-chest is generally either above or below them, 
owing to the limited space between the frames. 

Fig. 77 shows, in diagram form, a cross section of a pair 
of inside cylinders with the steam-chest (SC) placed midway 
between them. The slide valves move in a vertical plane in 
the steam-chest. The cylinder castings project at either side 
and are bolted to the frame-plates (FP) at A. The section 
(in this and the other similar illustrations) is taken through 
the exhaust pipe (E), so that the steam-port does not 
appear. As a rule each cylinder is cast separately, and they 
are afterwards bolted together, the line CD, which passes 




through the centre of the steam-chest, representing the joint 
between them. 

The two surfaces where the castings come together must 
be faced up exactly true, and be well fitted together, so as 
to make an absolutely steam-tight joint. This is very im- 
portant, because it is a difficult and expensive job to re-make 
this joint when the engine is once put together. As the 
same letters are used for each part in the different sketches, 
it will be unnecessary in each case again to refer to all of 
them. 

Fig. 78 shows a pair of 19-inch inside cylinders with the 
steam-chest above them, as constructed by Mr. Johnson for 
certain classes of Midland Railway engines. In this case each 
valve is placed horizontally with the flat surface downwards, 
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Fig. 78. 



the ports being immediately above each cylinder. The 
steam-chest can be similarly constructed below the cylinders, 
the faces of the valves being upwards. When the steam- 
chest is above or below the cylinders, the valves — unless 

inclined — are not in a 
plane with the driving axle, 
and an intermediate gear- 
ing must be used, to 
connect the valve spindles 
to the eccentric rods. The 
rocking-shaft (RS, Fig. 30, 
chap, iii.) is an example 
of such intermediate 
gear. 
Another form of inside cylinders is shown in Fig. 79. 
This time the steam-chest is neither directly above nor below 
the cylinders, but has a V section, the apex of the V being 
midway between the centre lines of the cylinders. This 
arrangement allows more room in the steam-chest than 

when it is placed exactly 
between the cylinders, and 
at the same time admits of 
a direct acting motion be- 
tween the slide valves and 
eccentrics. Mr. Webb uses 
this form of steam- chest 
with his straight-link type 
of express passenger en- 
gines which have 17 in. 
cylinders, and are fitted with the link motion illustrated 
in Fig. 42, chap. iv. In this case also, the steam-chest 
may be similarly placed below the cylinders with the apex 
of the V upwards. Although it is usual with inside cylin- 
ders to cast each cylinder separately, and bolt them together, 
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as explained in Fig. 77, Mr. Webb prefers to cast both 
cylinders in one piece; and this is the case with those 
shown in Fig. 79, and the casting is an excellent piece of 
workmanship. 

Fig. 80 is a cross sectipn of the 18-inch outside cylinders 
of the Great Northern Railway express passenger engines, 
constructed at Doncaster by Mr. P. Stirling. 

It will be seen that they are outside the frames (FP) at 
either side of the engine, each cylinder having a separate 
steam-chest on the inner side of the frame. The frames in 
this case are of different design to those of an engine having 
inside cylinders, so as to allow space for this special form of 





Fig. 80. 



casting. Whether the cylinders are inside or outside, they 
are always kept in position by being securely bolted to the 
main frames, as shown at A in the different diagrams. 

Fig. 81 gives four views illustrating the details of a pair 
of inside cylinders, designed by Mr. Ritches, locomotive 
superintendent of the TafF Vale Railway. As they are 
very simple in construction, they afford a good example for 
descriptive purposes. 

FC is the front cover secured by studs to the cylinder 
casting at the end nearest the buffer plank. The studs are 
screwed firmly and permanently into the casting all round 
the cylinder at a distance of about 5 in. apart, and f in. 
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from the edge of the cylinder boring. This latter distance 
is the width of the joint surfaces. The joint is made of a 
ring of asbestos packing or other suitable material The 
studs project through the corresponding holes in the cylinder 
cover, which is screwed up tight by nuts. In the centre of 




Fig. Si. 



the cover is the recess (R), to allow clearance for the large 
nut (N), which secures the piston-rod to the piston-head. 

The main casting of the cylinders forms part of the back 
cover, and the small cover (BC) is attached ta it by studs 
in a similar way to the front cover. It is never necessary 
to take the piston out at the back end of the cylinder, 
and therefore this cover need not be of so large a diameter 
as the bore of the cylinder, and when the joint is made it 
should be permanent This cover also forms the stuffing- 
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box, and has cast into it the brackets (Z) to which the 
slide-bars are attached. 

The stuffing-box (SB) is a recess or chamber for the 
reception of the piston-rod packing. At the bottom of the 
stuffing-box is a small recess into which the bush (B) fits. 
This is a small brass easy-fitting ring slid over the piston-rod 
after the piston has been put in the cylinder, its use being 
to act as a guide in keeping the piston-rod central, as well 
as to prevent the packing from being forced into the 
cylinder. 

There are various kinds of packing used, the most 
common being hemp saturated with tallow. The packing is 
twisted round the piston-rod in folds, and pushed into the 
stuffing-box up against the bush. The gland (G) is a brass 
casting bored out like the bush to be an easy fit on the 
piston-rod. In the cylinder cover are two long studs (SS), 
which pass through corresponding holes in the gland. After 
the stuffing-box is filled, the gland is pushed up to the 
packing. The studs project through the holes, and the 
gland is screwed down on the packing, compressing it into 
the stuffing-box, and making a steam-tight joint round the 
piston-rod. As the packing wears the gland can be adjusted, 
but care must be taken in tightening the nuts to keep it 
exactly true on the piston-rod, so that its edge may not 
cut it 

The front steam-chest cover (FSC), generally called the 
valve cover, is, like the cylinder covers, attached to the 
main castings by studs. It is fitted with a guide or 
dummy gland (DG), in which the free end of the valve 
spindle works. The back of the steam-chest is solid with 
the main casting, and is likewise fitted with a gland and 
stuffing-box, through which the valve spindle works on to 
the eccentric-rod. 

The piston-head (PH) is made of cast-iron, and is secured 

L 
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to the steel piston-rod (PR) by the large nut (N). The 
piston-rod is taper at the end, which fits into a correspond- 
ing taper-hole in the piston-head. This taper is shown at 
TT, and the rod from V to the end projects through the 
piston-head. Upon this projecting part the nut (N) is 
screwed, thus drawing the taper part of the rod tightly into 
the hole in the piston-head, and making both perfectly 
secure and rigid. The nut is prevented from slackening 
back by a split-pin. 

The piston-head is turned to be an easy fit in the cylinder, 
and round it are cut the two grooves (V) into which the piston 
rings are fitted. These rings are cast-iron hoops turned to 
fit easily in the grooves, and about ^ in. larger in diameter 
than the cylinders. After they are turned, a small piece is 
cut out of each hoop, leaving the two ends about ^ in. apart, 
and then by pressing the edges together, the ring is made 
small enough to fit into the cylinders. The rings are sprung 
into the grooves in the piston, and the natural tendency they 
have to spring outwards causes them to make a joint with 
the smooth surface of the boring, when the piston is in the 
cylinder. The cuts in the two rings must not be left 
opposite to each other, or the steam has a direct passage 
firom one side of the cylinder to the other. 

The travel of the piston in the cylinder is between the 
dotted lines (LL) ; the space between these lines and the 
covers is called clearance, and is necessary to allow the 
steam to pass into the cylinder and act upon the piston 
at the commencement of the stroke. The steam-ports are 
shown at XX, and the exhaust port at £P. S is the steam 
entrance where the steam passes from the steam-pipe to the 
steam-chest (SC), and E is the exhaust. Both these orifices 
are flanged, the former for the attachment of the steam-pipe 
from the boiler, and the latter for the blast-pipe. A hole 
b drilled through the bottom of the cylinder at DC, to let 
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out the water which accumulates from condensed steam. 
Into this hole is fitted the drain-cock or " cylinder tap," an 
ordinary form of tap actuated from the foot-plate by an 
arrangement of levers. 

In going through the above explanation, the four views, 
A, B, C, and D, must be studied conjointly, and the various 
parts noted in each diagram. 

A is the end view of the back of the cylinder. 

B, a cross section through the exhaust port, and through 
the steam passage (SP) which conveys the steam from the 
steam-port to the cylinders. This view clearly shows the 
method of fastening the cylinder casting to the frame (FP) 
by the bolts (B). 

C is an outside elevation of the side of the cylinder next 
the frame, showing the flanges and bolt-holes by which the 
cylinders are secured. D is a longitudinal section through 
the cylinder and steam-chest. The top valve cover (TVC) 
should be noted. This is a plate forming the top cover of 
the steam-chest. It is secured to the main-casting by studs 
and nuts, and can be taken off when required for purposes 
of examination. 

The cylinders and covers should all be of the best close- 
grained cast-iron, free from any defect of material or work- 
manship. The usual thickness of locomotive cylinders is 
given below — 

Diameter of cylinder, 17 in.; thickness, |^ in. 
„ „ 18 in.; „ I in. 

„ „ 19 in.; „ i§ in. 

:, „ 20 in.; „ il in. 

A considerable allowance should be made for re-boring, as 
cylinders gradually wear owing to the high speed of the 
piston, and sometimes become grooved for want of lubri- 
cation, from any defect in the metal, or through ashes getting 
into them from the exhaust pipe. 



148 



BRITISH LOCOMOTIVES. 



Fio. 82. 



Fig. 82 shows the section of a 
cylinder, illustrating its position with 
regard to the slide-bars, connecting- 
rod, and crank. This is taken from 
a London and North-Western six- 
wheels coupled coal-engine, which 
has two parallel slide-bars for each 
piston-rod. The bars (SB) are made 
of Bessemer steel, and are fixed at 
one end by studs and nuts to the 
cylinder cover (CC), and at the oth«" 
end are bolted to the stay or spec- 
tacle-plate (SP). They must be 
fitted up with great care and ac- 
curacy, and be absolutely . parallel 
with each other, and in line with the 
centre of the cylinder. 

At the end of the piston-rod is the 
cross-head (CH). This is a steel 
block with a taper hole into which 
the end of the piston-rod is fitted. 
At the end of the rod is a thread 
upon which a nut and lock-nut are 
screwed, thus securely fastening the 
piston-rod to the cross-head. The 
latter has two arms, which project 
horizontally outside the slide-bars on 
either side ; these arms are called 
gudgeons, and upon them are fixed 
gun-metal caps, upon which the 
small ends of the connecting-rod 
work. The cross-head has also two 
vertical arms upon which the slide 
blocks (S) are fitted. These are 
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made of cast-iron with white metal faces, which fit up 
against the slide-bars. The slide-blocks must be carefully 
adjusted by washers on the cross-head, and must be made 
to work freely between the slide-bars. The slide-blocks 
and bars take all the strain of the up-and-down pressure 
when the crank is being forced away from or drawn 
towards the cylinder. The greatest pressure is against the 
top bar when running forwards, and against the under one 
when running backwards. The figure illustrates the type of 
slide-bar most generally used on the London and North- 
western engines, namely, two flat parallel bars, one above 
and one below the cross-head. It is an arrangement that 
has been found to work well, and the bars are easily 
adjusted. It may, however, be here mentioned that there 
are other kinds of slide-bars; sometimes one strong bar 
only is used, in which case the cross-head is attached 
to a box which encloses the bar. A slide-box of this 
description has an upper and lower bearing-surface work- 
ing on to the top and bottom of the bar. The Great 
Eastern Railway engine illustrated in Fig. 113, p. 249, has 
slide-bars of this description. 

A very usual plan is to have four slide-bars for each 
cylinder, in which case the slide-blocks are at each side of 
the cross-head. There is an upper and lower bar for each 
slide-block, and the cross-head is attached to a pin which 
passes through the two blocks. The cross-head and little 
end thus move to and fro between the double bars at either 
side of them. The distance between the top and bottom 
bars may be much less than when only two are used, as it 
is not necessary to give clearance for the up-and-down 
movement of the connecting-rod, which is free to work 
between the bars. When this arrangement is used, the 
small end of the connecting-rod is not forked, and has only 
one bearing on the pin which passes through the two 
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slide-blocks. Fig 84, in the next chapter, illustrates the 
position of the slide-bars when four are used. 

Reverting to Fig. 82 ; the connecting-rod (CR) is made 
of Bessemer steel, and is attached by the small end straps 
(SE) to the cross-head (CH). The small end of the rod 
is forked, and the straps are secured to each forked end by 
wedges called gibs and cotters — CO is the cotter, and G 
the gib. The small end straps may be made of case- 
hardened iron or cast-steeL They work on to the gun- 
metal caps of the cross-head (CH). The big end (BE) 
consists of two brasses (BB), which encircle the journal (J) 







-^^:> 



-^ 



of the crank axle (CK). The brasses are enclosed in the 
steel straps (BES), and are kept in position and adjusted 
by the cotter (CO) and gib (G). The ends of the strap fit 
on to the end (BE) of the connecting-rod, and are secured 
to it by the butt cotter (CO). The connecting-rod works 
to and fro between the slide-bars, through a hole cut in the 
spectacle-plate (SP). 

Another form of big end for a locomotive connecting-rod 
is illustrated in P'ig. 83. This is somewhat similar in 
construction to the big end of a marine engine ; the end of 
the rod is an open fork forming the straps into which the 
brasses fit, the straps thus being a part of the rod. After 
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the brasses have been fitted into the forked end, they are 
secured by the block (B) at the end of the fork through 
which the bolt (B') passes. This bolt has a slight taper, 
and is fitted with nuts at each end, thus enabling it to be 
tightened up or withdrawn easily. 

The adjustment of the brasses is affected by the wedge 
block (WB), into which the bolt (X) is screwed. This bolt 
passes through the straps or fork and is fitted at its lower 
end with the nuts (Y). To adjust the block the nut is 
slackened, and the head of the bolt turned with a spanner, 
thus screwing the wedge up and down as required to 
tighten or loosen the brasses. 

This big end is used by Mr. Webb on the compound 
engines. The oil-cup (OC) immediately over the centre 
of the brasses is solid with the upper fork. The top (T) 
screws into the oil-cup, and in the centre of it is a hole 
kept closed by a small button, which is pressed upwards by 
a spiral spring. When the cup is being filled with oil the 
button is pressed down by the oil -feeder, and closes 
automatically when the feeder is withdrawn. This is the 
usual form of oil-cup used for big ends, eccentrics, coupling- 
rods, &c. 

One of the brasses is shown separately. The big end 
strap fits in the spaces between the flanges (FF). The 
flat surface of the outside of the brass is coated with 
white metal and then faced up to the standard size as the 
brass wears in the strap. The grooves or ribs are filled 
with white metal. 
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CHAPTER VIII. 

GENERAL DETAILS. 

The construction and position of ordinary single frames 
is explained in chapter ix., in which the method of erecting 
an engine is described. This is the kind of frame most 
generally used, and the locomotive engineers of some rail- 
way companies, who formerly built all their engines with 
double frames, are now reverting as far as possible to the 
single frame system, which is much less complicated. 
Double frames, however, are still frequently used on account 
of the additional strength obtained, and in the case of large 
single-wheeled engines having inside cylinders — such as the 
latest type of Great Western and Midland Railway engines 
— which have no outside coupling-rods, they are no doubt 
more suitable than single frames, the wheels being placed 
between the two frame plates. 

A part plan of double frames and a pair of driving-wheels 
for a coupled engine is shown in Fig. 84. IF is the inside 
and OF the outside frame ; both of them extend along the 
whole length of the engine at either side, and are stayed at 
intervals by the transverse stay plates (TSB). The driving- 
wheels (DW) have each two axle-boxes. The inside axle- 
box (lAB) and the outside axle-box (OAB) work in the 
horn-plates (HP) in their respective frames. The wheels 
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are shown between the two frames. The axle projects 
beyond the outside axle-box, and upon the end of it is 
fixed the coupling-rod crank (OC), to which is attached the 
coupling-rod (OCR) in the manner shown. CC are the 
driving cranks and (E) the eccentrics. There are altogether 
eight journals or bearing 
surfaces upon this axle 
without counting the eccen- 
trics, so, as may be imagined, 
it is a costly piece of work. 

The engine from which 
the illustration is taken has 
six coupled wheels, the lead- 
ing and trailing-wheels hav- 
ing axle-boxes on the outside 
frames only. The leading 
wheels (LW) are shown in 
the diagram, the frame being 
broken off between the driv- 
ing and trailing-wheels. 

The details of an ordinary 
form of locomotive buffer 
are also illustrated in Fig. 
84. BP is the buffer plank, 
C is the buffer casting cylin- 
der in which the plunger 
(P) works. The plunger fits 
into the cylinder as shown, 
and is held in position by Fig. 84. 

the long bolt, which extends 

through the centre of the plunger and cylinder, and is 
secured by a nut at the back of the latter. The plunger 
is kept in its normal position by the three india-rubber 
rings (IR), between which are wrought-iron washers, i in. 
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thick. After the plunger, cylinder, and india-rubber rings 
have been fitted together and the long bolt made fast, the 
buflfer cylinder is fastened to the buffer plank by bolts 
which pass through it and the flange on the cylinder cast- 
ing. When anything strikes the plunger (P) the india- 
rubber rings (IR) are compressed, thus giving elasticity to 

the buffer, and minimizing any 
shock sustained. The draw- 
bar, to which the coupling is 
attached, is shown at DB. 

A pair of driving-wheels for 
a coupled engine and their 
position with regard to single 
frames is shown in Fig. 85. 
There is one axle-box for each 
wheel, and the crank-pin for 
the coupling-rod is inserted 
in the boss of the wheel (W), 
which is specially constructed 
for its reception. It will thus 
be seen that with single framed 

H engines no outside crank is 
-1 necessary to carry the coupling- 
rods. This gready simplifies 
Fig. 85. the construction of the crank 
axle. In this instance the 
cranks (C) are strengthened in the web or arm of the crank 
by the iron hoops (HH), which are shrunk on to them. 
Crank axles are usually made of mild steel, as are also the 
straight axles of all locomotive wheels, whether driving or 
otherwise. 

It will be observed that in the two foregoing illustrations 
the horn-plates and axle-boxes hold the wheels rigid with 
the frame-plates. Now a long wheel base with rigid axles 
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and wheels is unsafe for travelling round curves. With 
goods engines that have six wheels coupled, the lateral 
play in the axle-boxes and horn-plates, and the elasticity of 
the frame enables the engine to take any ordinary curves 
with safety ; but with passenger engines that have to travel 
at a high speed it is now becoming the general practice to 
have only two pairs of the wheels rigid with the main 
frames. In such cases the leading or trailing-wheels run in 
bearings that are not rigidly in line with the main frame- 
work, so that the engine can take any ordinary curve 
without strain. This sometimes applies to both leading 
and trailing-wheels when the engine has a long wheel base 
and more than six wheels. The two most common con- 
trivances for this are the "radial axle-box" and the 
"bogie." 

Mr. Webb's radial axle-box is shown in Fig. 86. Stretch- 
ing between the main frames (FF), and bolted to them in 
the manner shown, are the curved guides (GG). These 
guides are rigid with the framework of the engine, and so is 
the spring frame (SF), which is fixed to the centre of the 
guides. The radial axle-box (AA) is made of cast-iron, 
and extends across, between and through the frames, being 
curved to slide transversely in the guides. Bearings of the 
ordinary description are fitted at either end of the radial 
axle-box, and the journals of the axle revolve in these 
bearings. 

Attached to the axle-box in the manner shown is the 
rod (R), which passes through the spring frame and is con- 
nected to the horizontal spiral springs (HS), which are 
coiled right and left round the rod. When the engine 
enters a curve the springs are compressed towards one side 
and take any shock which may be transmitted through the 
wheels from the rails, allowing the box to slide laterally in 
the guides. When the engine gets on the straight road 
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again, the springs resume their normal position, and keep 
the wlieels central. 



Diameter of wheels ... 

Diameter of journal ... 

Length of journal 

Distance from centre to centre of l^earings 

Lateral movement 

Thickness of guide plates 

Thickness of rod (R) ... 

Outside diameter of spring 

Thickness of spring coils, f inch square. 
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The latest express passenger engines on the North- Western 
Railway have the leading end carried on a double radial 
truck. Like the bogie hereafter described, this truck has 
four wheels, but the centre of it is fitted with Mr. Webb's 
radial axle box with a controlling central spring, as shown in 
the above illustration. 

A bogie is a separate carriage with a frame and wheel 
base of its own. It carries one end of the engine, the 
weight being pivoted on the centre of the bogie. 

An arrangement of bogie, known as the Adams' type, 
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used by Mr. S. W. Johnson on the Midland Railway, is 
illustrated in Figs. 87, 87A. The pivot (P) is a circular steel 




Fig. 87. 




Fig. 87A. 

PRINCIPAL DIMENSIONS OF FIGS. 87 AND 87A. 

FT. 

Diameter of wheels ... ... ... 3 

Wheel base ... ... ... ... 6 

Diameter of journal ... ... ... o 

Length of journal ... ... ... o 

Transverse centre to centre of bearings ... 3 

Distance between bogie frames ... ... 2 

Thickness of bogie frames ... ... o 

Inverted laminated springs, 1 1 plates 
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casting, which is bolted by bolts (B) to the transverse stay 
(TS). This stay extends underneath the cylinders between 
the main frames (MF) of the engine, to which it is bolted 
in the manner shown. It will thus be seen that the 
bogie-pivot is rigid with the main framework t)f the engine. 

The bogie frames (BF) are made of steel, and are stayed 
at either end by the transverse pillar stays (TPS), which 
extend between the frames. The frames are fitted with 
horn-plates in a similar manner to the main frames. 

It must be clearly understood that the bogie is an entirely 
separate carriage, with its own independent wheel base, 
wheels, axles, axle-boxes, horn-plates, and all other fittings 
appertaining to a vehicle constructed to run on a line of 
rails. The only point at which the bogie comes in direct 
contact with the main construction of the engine is where 
the pivot (P) fits into a hole in the centre casting (CC), 
which rests upon the framework of the bogie-carriage, and 
forms the floor or seating upon which the weight of the 
engine is carried. The shape of this casting will be under- 
stood upon referring to the illustration. It is not rigidly 
fixed to the bogie, but slides laterally in the guides (G), 
which are fixed transversely between the bogie frames. The 
large bolt (X) passes through the pivot (P) and casting (C), 
and at the end of the bolt is a large wrought-iron washer 
(W), held in position by the nut beneath it; this bolt 
prevents the possibiUty of the engine and bogie becoming 
disconnected. The gun-metal ring (GMR) forms a bearing 
surface between the pivot (P) and the centre casting (CC). 

The bogie has two separate movements, namely, a cir- 
cular motion round the pivot (P), and a lateral traverse 
between the guides (G). The space (I), which is f inch, 
represents the distance allowed on either side between the 
centre casting and the bogie frame for the lateral traverse 
of the bogie in the guides (G). The lateral or transverse 
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movement is controlled by spiral springs at either side of 
the casting: one of these springs is shown in section at 
S, at one side of the bogie. When the engine enters a 
curve the spring on the inner side is compressed, and when 
it passes from a curve on to a straight road the spring 
resumes its normal position, and the two springs keep the 
vehicle central. The weight is transmitted to the axle- 
boxes through the inverted plate spring (PS), which is 
attached by the pin (Y) to the bogie frame at A. The 
ends of the springs rest in the stirrup-links (LL), which are 
attached to the spring-cradle (Z), which transmits the 
weight to the top of the axle-boxes through the pillars 
(AP), which can be screwed up and down to adjust the 
weight The spring-cradles (Z) are at either side on the 
outer side of the bogie frames. Each cradle consists of 
two wrought-iron plates, between which the spring is fixed. 
These plates are brought together and welded at the ends, 
where they are attached to the adjusting pillars (AP). 
The position of the spring (PS) in the cradle will be best 
seen in the cross section at one side, and the attachment 
of the cradle to the axle-box at AP in the same figure 
on the other side, and at AP in the longitudinal section. 

The details of a locomotive wheel are given in Fig. 88. 
This is one of Mr. Webb's cast-iron wheels used for goods 
or mineral engines, which do not run at a high speed, and 
therefore do not require large wheels. The diameter in 
this case is 4 ft. 6 in. Mr. Webb was one of the first en- 
gineers to demonstrate the practicability of using cast-iron 
wheels for modern locomotives. The excellence of the 
design and manufacture of those made at Crewe renders 
them thoroughly trustworthy, and they have given satisfac- 
tion in every way, especially as they can be produced at an 
extremely moderate cost. The tyre (T) is made of Bessemer 
steel, and shrunk on to the rim of the wheel. The boss or 
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centre (B) is bored out in a lathe, and the key-way (K) cut 
in the hole (H). The end of the axle is turned to be a 
tight fit in the hole, and a key-way is cut on the shaft to 
correspond with the one in the hole. The wheel is then 
forced on to the axle by a powerful hydraulic press, thus 
rendering wheel and axle perfectly secure. This is further 
effected by a key carefully fitted in the key-ways. After the 
wheels are fixed on the axle the tyres are turned in a lathe. 
The tyre shown in the sketch is called a lip-tyre, that 




Fig. 88. 



is to say, its outer edge projects beyond and encloses a 
portion of the rim as shown at L. This lip prevents the 
possibility of the tyre working off on the inside of the wheel, 
and the flange pressing against the rail renders it equally 
impossible for it to work off in the opposite direction. A 
further security is also afforded by the set screws (SC), 
screwed through the rim of the wheel into the tyre as 
shown. 

Until recently it was the invariable practice to make all 
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locomotive wheels of wrought-iron with steel tyres, and 
some railway companies continue this system. Each spoke 
is forged separately on to the boss or hub of the wheel, a 
section of the rim being first welded on to the outer end of 
the spoke. Each rim section is afterwards welded up be- 
tween the spokes. Mr. Webb has, however, effected an 
improvement in the manufacture of passenger engine wheels 
by making them of cast-steel, which is stronger, and found 
to answer in every way. The metal itself is of course more 
expensive than wrought-iron, but the cost of production is 
so much decreased that they are cheaper in the long run. 

An ordinary form of Bessemer steel coupling-rod for a 
six-wheel coupled engine is shown in Fig. 89. There are 




Fig. 89. 



two of these rods at each side of the engine, working on to 
the crank-pins (CP), which are affixed to the wheels. The 
bushes (B) are rings of white metal or brass, which encircle 
the journal of the crank-pin. The "bushes are hammered or 
pressed tightly into holes bored in the rods for their recep- 
tion, and are then bored out, the exact distance between 
the centre of each bearing being first accurately measured. 
On the rod which couples the leading and driving-wheels 
there are two bearings ; the end of the rod projects towards 
the trailing-wheels, and is connected by a forked joint and 
pin (P) to the trailing-rod, which has a bearing at the other 
end on the crank-pin of the trailing-wheel. The use of 
coupling-rods is to procure increased adhesion to the rails ; 



1 62 



BRITISH LOCOMOTIVES. 



for when the driving-wheels are turned by the steam acting 
on the crank axle, the leading and trailing-wheels are made 
to revolve with them. 

Fig. 90 shows the position of an axle-box in the horn- 
blocks, and illustrates the manner in which the weight is 
transmitted to the springs. The axle-box (AB) is made of 
cast-iron, and has cast into it the brass step or bearing (BS) 
in which the journal of the wheel revolves. This brass has, 
at the top or crown of the bearing-surface, a transverse 
groove about i in. wide, into which the oil for lubricating 




Fig. 90. 



the axle is fed ; also recesses cut on either side of the groove, 
which are filled with white metal before the bearing is 
carefully bedded down to the journal of the axle. 

At each outer side of the axle-box are smooth surfaces, 
which are carefully fitted into corresponding faces of the 
horn-blocks (HB), so as to obtain a good tight fit with a 
uniform bearing over the two flat surfaces. Grooves are cut 
on the side of the axle-box to allow oil to pass between it 
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and the horn-block. There is only a bearing-surface on the 
upper part of the journal, the lower part of the axle-box 
having in it the " axle-box keep," which contains a tin in 
which is a sponge for preventing dirt from injuring the 
bearing surfaces. This tin is supported underneath by four 
spiral springs, which keep the sponge up against the journal. 
The brackets (B) are riveted to the frame-plate (FP), and 
to these brackets the spring-links or hooks (SL) are secured 
by pins. The two ends of the spring (S) fit into the hooks 
as shown. Underneath the spring is the adjusting-pin 
(SB) working on the top of the axle-box through a guide 
bracket riveted to the frame. This pin transmits the weight 
from the axle-box to the spring. 

The spring (S) is composed of nineteen steel plates kept 
in position by the buckle (B). The axle-box is free to work 
up and down in the horn-block, as the spring is depressed 
or otherwise, by the movement of the engine, due to irregu- 
larities in the road or when passing over points and 
crossings. The spring plates must be of the very best steel, 
carefully tempered. 

The horn-block (HB) is bolted to the frame (SB), and 
at its lower end is the stay (S), through which a bolt 
passes. This stay and bolt strengthen the frame, which 
would otherwise be weakened by the space cut in it for 
the reception of the horn-block. They also prevent any 
strain on the horn-block which might tend to throw the 
bearing surface out of truth. 

This figure illustrates the usual manner in which the 
weight is carried by the spring of a locomotive ; but the 
spring may be fixed in any other convenient position, 
either above or below the axle-box. 

The large wheels of passenger engines frequently carry 
the weight on volute or spiral springs fixed below the 
axle-boxes. By another arrangement the driving and 
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trailing springs ate connected to a compensating lever, thus 
more equally dividing the weight. This lever is pivoted 
at its centre on to a pin fixed to the main frame ; one end 
of the lever is connected by a link to the driving spring, 

and the other end to the trail- 
ing spring. 

There are various contriv- 
ances for enabling the driver 
to manipulate the reversing- 
gear of the engine from the 
foot-plate. The oldest, and 
perhaps on the whole the one 
still most commonly used, is 
the lever working in a quad- 
rant, as shown in Fig. 91, The 
fulcrum is at F, at which point 
the lever (L) works on a pin. 
At the point E the lever i$ 
connected to the reversing-rod 
(R), which extends along the 
side of the engine to a lever 
on the reversing-shaft of the 
valve motion. The lever on 
the foot-plate is called the 
driver's lever. At the side of 
this lever is the catch (C), at- 
tached by the small pins (P) 
in the trigger (T). The lower 
part of the catch slides in a clip (X), and drops into the 
notches in the quadrant (Q). When the lever has to be 
moved, the trigger (T) is pressed against the handle (H), and 
this draws the catch out of the notch, and allows the lever 
to work free in the quadrant. After moving the l^ver to the 
required position the pressure on the trigger is released, and 
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the spring (S) forces the catch into the notch, thus securing 
the lever. 

Very often a screw and wheel are used instead of a lever. 
This arrangement has the advantage of enabling the driver 
tcr set the valve gear exactly in any position required, as he 
is not dependent upon the position of notches in a quadrant, 
as with the lever arrangement The screw, which is actuated 
by the hand-wheel, also affords a more powerful means of 
manipulating the valve gear. The reversing-wheel can be 
turned back when steam is on, whereas with a lever the 
steam has to be shut off before the driver can notch the 
engine up, because he has not sufficient power to overcome 
the pressure of the steam upon the slide valve. The expres- 
sion to "pull the engine back," or "notch it up," is still 
retained by railway men when the reversing-gear is moved 
towards the position for increased expansive working, whatever 
may be the appliance provided on the foot-plate for the 
purpose. 

Mr. James Stirling, the late locomotive superintendent of 
the South-Eastern Railway, has fitted his engines with a 
very ingenious arrangement, whereby the valve-gear is 
controlled by a piston working in a small steam cylinder. 

This gear is briefly described among other details of one 
of Mr. Stirling's engines, illustrated on p. 303. 

The chimney of a locomotive is usually made of wrought 
but sometimes of cast-iron. The bottom part of it is dished 
outwards to form a joint with the top of the smoke-box, 
to which it is bolted. The upper part of the chimney is 
cylindrical with a single riveted butt joint from top to 
bottom, the rivets being counter-sunk on the outside. Round 
the top edge is a circular casting to afford additional strength 
and rigidity. The length of the chimney must be determined 
by thei height of the top of the smoke-box above rail level. 
Its usual internal' diameter is about 14 in. 01 thereabouts, 
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but this varies, and chimneys are frequently made taper, 
diverging upwards. The relative positions of the chimney 
and blast-pipe to each other are most important. They 
must be absolutely vertical with a centre line common to 
both. If either is at all out of truth, the steam, upon leaving 
the blast-pipe, instead of coming into equal contact with the 
whole of the internal circumference of the chimney, will 
strike it at one side, and the action of the blast will be 
impeded, producing a detrimental effect upon the steaming 
of the engine. 

The diameter of the orifice of the blast-pipe is an import- 
ant matter ; the smaller it is, the sharper the blast, and the 
more powerful its action upon the fire. A strong blast 
causes an engine to steam well, but when the fire is too 
fiercely urged, a greater quantity of fuel is burned, besides 
which the contracted orifice for the outlet of the exhaust 
steam causes a back pressure in the cylinders, and pre- 
vents the engine from, working freely. The point to be 
aimed at is to get the blast-pipe as large as possible, con- 
sistent with the boiler making steam satisfactorily. There 
have been many experiments made from time to time in 
the construction of blast-pipes to determine their effect 
upon the working of an engine and the consumption of coal. 
It has been found that the influence exercised by the blast- 
pipe upon the coal-bill of a large railway company is very 
great, a variation of no more than an eighth of an inch 
in the size of the orifice producing most important results. 
An engine that has the heating surface and grate area 
properly proportioned to the size of the boiler and cylin- 
ders, should, under ordinary circumstances, be capable of 
making steam with a blast-pipe orifice not less than 4f in. 
in diameter. 

The top of the blast-pipe is usually about level with, or 
slightly above, the top row of tubes. It has often been 
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thought that the vacuum in the smoke-box, caused by the 
blast, has a much stronger effect upon the upper than upon 
the lower rows of tubes, and therefore that the heating 
surface proper of the tubes is unequally distributed, the 
upper rows doing the greater part of the work. This theory 
is borne out by the fact that the upper rows wear away more 
quickly than the lower tubes, and more frequently fail from 
this cause. To obviate this, and distribute the work evenly 
over the whole of the tube surface, the blast-pipe is sometimes 
made shorter, and the barrel of the chimney extended 
downwards into the smoke-box with a bell mouth 4f in. 
above the top of the blast-pipe. This is an arrangement lately 
applied by Mr. Webb to many London and North-Western 
engines with good results (see CE, Plate IL, p. 228). 

The late Mr. Adams, of the South-Western Railway, 
brought out a blast-pipe, for which he claimed that it acts 
equally upon all the tubes in the boiler. A transverse section 
of the smoke- box of a South-Western Railway locomotive 
fitted with the Adams vortex blast-pipe is shown in Fig. 92. 
It will be seen that the area at the orifice where the steam is 
discharged is between the two pipes (BP) and (AP). The 
central pipe extends downwards, and diverges into a large 
bell mouth in front of the lower rows of tubes, through 
which the air is directly drawn. The exhaust steam passes 
from the cylinders through the cylinder exhaust passages 
(CEP) to the blast-pipe (BP). The lower extremities of 
the blast-pipe attached to the exhaust passages, instead of 
converging to the usual cylindrical outlet at the top of the 
pipe, are so formed that the air passage (AP) passes down 
the centre of the pipe, the steam discharge being through 
the circular orifice (CO) which encloses the air passage 
(AP). The latter being directly acted upon by the blast, 
has drawn through it the air from the lower part of the 
smoke-box, and thus the blast is made to act upon the 
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lower rows of tubes. By this arrangement a great saving 
in the fuel consumed by South-Westem engines is claimed. 
This illustration also shows the ordinary arrangement of 
steam-pipes in the smoke-box for conveying the steam from 
the boiler to the cylinders. The cast-iron T piece (TP) is 
attached by the flange (F) and studs (S) to the tube plate 
and main steam-pipe running through the boiler to the 
regulator. The steam-pipes (SP) are made of copper, and 
are secured by the flanges (F') to the T piece (TP). Pass- 
ing round the smoke-box at each side, they are secured by 
studs at their lower ends to the branches (Y), where the 
steam passes into the steam-chests. This engine, having 
outside cylinders, there are two steam-chests to be fed with 
steam from the boiler, and two steam-pipes are required ; 
whereas, with the inside cyhnders, illustrated in Figs. 77 
and 79, both valves are in one steam-chest, and one 
steam-pipe only is needed. 

Z (Fig. 92) is the blower-pipe through which the steam 
from the boiler is turned up the chimney to cause a draught 
on the fire if required when the engine is standing. H is the 
steam-pipe conveying the steam from the boiler to the valve 
(V), which is actuated from the foot-plate. By opening this 
valve the steam is turned into the blower-pipe. EP is the 
exhaust pipe from the ejector, or apparatus for creating the 
vacuum for working the brake. The heads of the longitudinal 
stays, which have been mentioned in the boiler chapter, are 
shown at L. 

Great Western engines are fitted with a device by which 
the driver can, from the foot-plate, put a cap on the top of 
the blast-pipe, to contract the orifice and sharpen the blast, 
if the engine is not steaming properly. 

Although the Westinghouse and automatic vacuum 
brakes (which will be hereafter described) are frequently 
fitted to locomotives, their use upon the vehicles of the 
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train does not necessarily imply that the same form of 
brake must be fitted to the engine. 




Fig. 92. 



Many locomotive engineers had fitted their engines with 
powerful steam-brakes, before they thought of adopting a 
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continuous air-brake. This was the case on the London 
and North- Western Railway, and until recently the vacuum 
brake on the train and the steam-brake on the engine were 
worked quite separately. The diagram (Fig. 93) illustrates 
the action of Mr. Webb's steam-brake. 

A vertical cylinder (C) is fixed under the foot-plate (FP), 
to which it is attached by studs, through the flange (F). 
Inside the cylinder is the piston (P), fitted with the usual 
form of piston-rings to render it steam-tight. Forming a 
part of the piston is the hollow trunk (T), which projects 
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downwards through the stuffing-box (SB) and gland (G). 
The trunk is packed in the same way as an ordinary 
piston-rod. In the centre of the piston-head is fixed the 
eye-bolt (EB), to which is attached the pull-rod (PR), 
which passes through the centre of the trunk (T), in which 
there is room for it to have a lateral movement. The 
lower end of the pull-rod is fixed to the bell-crank lever 
(BC) at the point X. As will be seen from the drawing, 
this lever has three arms, one terminating at X, where it is 
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attached to the piston pull-rod. Of the other two arms, 
one projects upwards, and is attached to the tender brake 
pull-rod (TBP) at Y, where it is also fixed to the sus- 
pension link (SL). This link carries the weight of the 
gear, being attached at its upper end (I) to the foot-plate ; 
the other arm of the bell-crank projects downwards, and is 
similarly attached at Z to the engine brake pull-rod (EBP). 
When the brake is applied, steam is admitted to the 
cylinder below the piston through the steam-pipe (SP), and 
forces the piston upwards. This has the effect of drawing 
up the arm (X) of the lever. The arm (Y) is thus forced 
in the direction of the arrow, and causes the tender pull- 
rod (TBP) to close the blocks on the tender-wheels; at 
the same time, the point Z is forced in an opposite direc- 
tion, as shown by the arrow, and a tension obtained on the 
engine brake pull-rod (EBP). This rod is fastened at the 
opposite end (O) to the lever (L), which swings on the 
bracket (B) attached to the main frame (MF). This lever 
being pulled towards the wheel brings the brakb block (BB) 
against the tyre, and the brake is thus applied - simul- 
taneously on engine and tender. When the brake is 
released the application valve on the foot-plate allows the 
steam to exhaust back through the pipe (SP), and the 
lever is brought back to its normal position by the spring 
(D), whose action can be easily seen. The nuts (NN) on 
the pull-rods are for adjusting the brakes as the blocks 
wear. The drain-cock (DC) is a small automatic ball 
valve provided to let the condensed steam out of the 
cylinder. A small hole in the top of the cylinder casting, 
and another through the head of the piston to the inside 
of the trunk, places the cylinder above the piston in 
connection with the atmosphere. 
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CHAPTER IX. 

HOW AN ENGINE IS PIJT TOGETHER IN THE ERECTING-SHOP. 

To give the reader a general idea of the construction of 
a locomotive, or rather of the way in which it is put 
together, it may be as well to follow step by step the work 
done in the " erecting-shop." This is the shop to which all 
the different parts of the engine are brought, after under- 
going various stages of manufacture and fitting, to be put 
together, piece by piece, until the whole structure is 
completed. 

In this description no attempt will be made to go into 
any details of the parts named, nor would it be possible in 
a work like this to fully describe all the details of one 
particular engine, much less to analyze the value of the 
different ideas held by various engineers in respect to the 
design and arrangement of the multitudinous fittings of a 
a locomotive. The more important details have already 
been described and illustrated in the previous pages, and in 
this chapter the place they occupy and the functions they 
fulfil will simply be mentioned. 

For the purpose in view it will be as well to select some 
ordinary type of locomotive with as few complications as 
possible, and take a cursory glance at the work done in 
putting the parts together in the erecting-shop. 
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Ml:. Webb has built at Crewe 
a large number of ** six-wheels 
coupled" engines for working the 
heavy mineral traffic on the Lon- 
don and North-Westem Railway, 
which perhaps combine power and 
simplicity of design as well as any 
engine in the country. They are 
called " coal-engines," and the 
routine of erecting one of them in 
the Crewe shops will be briefly 
described. 

The frame-plates have first to be 
dealt with. There are two made 
of Bessemer steel, i in. thick, both 
exactly the same in every respect. 
They extend along the whole length 
of the engine at either side. Before 
being brought to the erecting-shop 
they are roughed out to the proper 
shape, the surfaces are ground and 
made perfectly flat and true, and 
the edges trimmed round in a 
slotting machine. This being done, 
they are fixed by temporary cross- 
bars into the position they will 
occupy when the engine is com- 
pleted. Fig. 94 shows an elevation, 
and Fig. 95 the frame-plates in 
plan. 

The cylinders are fixed between 
the firames at C. They are cast in 
one piece, and are of the pattern 
shown in Fig. 77. They are bolted 
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to the frames at AA, CL being 
the centre line through the steam- 
chest. The cyUnders, which 
are brought to the erecting-shop 
ready fitted and bored out, are 
slung into position between the 
two frames by an overhead 
crane. 

The spectacle-plate is fixed be- 
tween the frames at SP. This 
is made of cast-steel ; it forms 
a stay between the two frames, 
and is a carrier for one end of 
the slide-bars and for the guides 
in which the valve spindles 
slide, as shown at VSS, Fig. 43. 

A stay-plate at S and foot- 
plate at FP complete the rigid 
groundwork on which the engine 
is built up. The foot-plate is 
made of cast-Iron, and is the 
floor upon which the driver and 
fireman stand. 

The horn-blocks^ or guides for 
the axle-boxes, are bolted to the 
frames in the spaces (HB). 
They are made of cast-iron or 
steel, with smooth faces at right 
angles to the frames, and their 
use is to keep the axle-boxes in 
their proper position, but allow 
them to work up and down to 
the extent that the spring moves 
with the jolting of the engine 
(see Fig. 90, p. 162). 
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After the frames, cylinders, spectacle-plate, foot-plate, and 
horn-blocks are all bolted together, the accuracy of the 
work is tested by diagonal, transverse, and longitudinal 
measurements. This is very important, it being absolutely 
necessary that the centre line of the cylinder should be 
perfectly parallel with the frames, and the faces of the 
horn-blocks square with them. To get the cylinders, frames, 
and horn-blocks perfectly square is one of the chief points 
aimed at in building an engine. If not accurately done 
at this stage, the error can never be properly remedied 
afterwards. It does sometimes happen that through care- 
lessness or inaccurate measurements, an engine is built 
slightly on the skew, and if such be the case troubles will 
always ensue so long as it runs. The driver who has charge 
of a badly-built engine can never get satisfactory work out 
of it ; axles and journals run hot, and it is a continual 
source of expense in the matter of repairs. 

The method employed in setting the cylinders in position, 
and the whole engine square, is as follows — The cylinders 
are fixed temporarily by cramps to the framing, in as nearly 
the exact position as can be judged. A thin bar of iron is 
then put across between the driving or middle horn-blocks, 
the top edge of the bar being exactly in the centre line of 
the driving axle according to the drawing that is being 
worked to. A strip of metal is put across the front end of 
each cylinder. In this strip is a small hole exactly in the 
centre of the bore of the cylinder. Through each of these 
holes a wire is passed and extended as far as the trailing 
horn-blocks, being fastened to a bar between them. This 
bar is fixed at such an altitude that the wires just touch the 
top of the bar between the driving horn-blocks. The 
cylinders are then moved as required until the wires are 
found to pass exactly through the centre of each. All the 
measurements for ensuring that the frames, &c. are in 
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proper position with regard to the cylinders, are taken 
along the length of these lines, and the frame-plates set in 
any direction required. 

After the exact position of the cylinders has been 
accurately ascertained the bolt-holes in the frame-plates are 
marked through the bolt-holes which are already drilled in 
the cylinder casting. The holes in the frame-plates are 
then drilled, and a ** rose-bit" put through them and through 
the holes in the cylinder casting, thus ensuring that both 
shall be exactly true to each other and of the same size. 

In some cases the bolt-holes in the frame for securing 
the parts fixed to it are marked from a ** template," or 
pattern, and then drilled by a machine. A "rose-bit" is 
always put through the frame and the part to be secured to 
it. The bolts are turned so as to be a good driving fit in 
the holes. 

An angle-iron is riveted along the outside of each frame- 
plate, the top of it being flush with the upper edge of the 
fiume-plate. To this angle-iron the side plates are riveted 
at right angles to the frame, forming a gangway at each side 
of the engine. They are strengthened by angle-irons 
riveted underneath the outer edge, and are supported at 
intervals by brackets fastened to the frames. The side 
plates are below the top part of the wheels, and have holes 
cut in them for the latter to work through. These holes 
are covered by splashers bolted to the side plates. 

At the same time the side plates are being riveted up, 
the axle-boxes may be fitted in the horn-blocks. They are 
in the first instance a shade too large, and are filed to the 
proper size, being made to fit fairly tight in the horn-blocks 
with a uniform bearing over the two fiat surfaces at each 
side of the axle-box. 

There are flanges on the axle-boxes to keep them in 
proper position in the horn-blocks, but a little side play is 
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allowed between the flange and the edge of the horn-block 
to relieve the strain on the frame when travelling round 
curves. After the sides have been fitted in the horn-blocks, 
the axle-boxes are taken down again, and their bearing 
surfaces carefully bedded on to the journals of the wheels. 

Brackets are fixed to the frames, to which the spring-links 
or hooks are secured by pins. The springs are not fixed in 
position until the engine is lowered on to its wheels. The 
general arrangement of horn-block, axle-box, and spring is 
shown in Fig. 90, chap. viii. 

The work has now reached a stage when the bailer may 
be tried on. It comes ready finished from the boiler- 
shop, with all fittings complete and attached. An overhead 
travelling crane brings it over the framework and lowers it 
into position. The fire-box end drops down between the 
frame-plates at FB (Fig. 95), and is supported on the upper 
edge of the frames at EB (Fig. 96) by brackets riveted to 
the outer casing of the fire-box. These are called expansion 
brackets; they are not fastened to the frame-plates, but 
simply rest on them, carrying the weight of the boiler at 
the fire-box end, and sliding along as the boiler expands 
and contracts, which it does to an appreciable extent. The 
total length of the boiler varies some three-eighths of an 
inch between the condition of the boiler-plates when under 
steam and when cold. 

The smoke-box tube-plate projects downwards, and is 
bolted to the cylinders at STR, the only place at which the 
boiler is rigidly fixed to the main framework of the engine. 
The boiler, after being fixed in position, is tested by steam 
at its ordinary working pressure (which with this class of 
engine is 150 lbs. per square inch) and any necessary 
caulking done. 

The smoke-box tube-plate is flanged forward at the top 
and sides, and to this flange (F) the snioke-box (SB) is 
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riveted. The smoke-box, which is made of sheet-steel, is 
built up in position in the erecting-shop. It is at the top 
and sides a continuation of the cylindrical part of the boiler, 
but somewhat larger in diameter. The bottom part is 
curved outwards, and secured by set screws to the frame- 
plates at SC. The door (D) must be carefully fitted and 
made as near air-tight as possible. The chimney is secured 
by bolts to the top of the smoke-box. 

The steam-pipe^ for conveying the steam from the boiler 
to the steam-chest, the steam-jet or blower-pipe^ and the 
blast-pipe are in the smoke-box. Their position and 
method of attachment have already been described, and are 
illustrated in Fig. 92, chap, viii., and although there is a con- 
siderable difference in the detail of the smoke-box fittings 
of a South-Western engine compared with a London and 
North-Western engine, the general arrangement is the 
same in each case. In fixing the blast-pipe great care 
must be taken to set it in such a position that the centre 
line of the blast-pipe is exactly parallel and central with the 
centre line of the chimney, as the chimney or blast-pipe 
being out of truth seriously affects the steaming properties 
of the engine ; the action of the blast being one of the 
most important features in the working of a locomotive. 

While this work is going on, other fitters may be engaged 
in putting up the slide-bars and other gear underneath the 
engine. 

The slide-bars are fixed at one end by studs to the back 
cylinder cover, and at the other by bolts to the spectacle- 
plate. They must be fitted into position with great care 
and accuracy, to ensure which a string is fixed through the 
centre of each cylinder and prolonged beyond the length 
of the bars. This string is the guide which enables the fitter 
to get the bars exactly parallel with each other, and the centre 
line between them in line with the centre of the cylinder. 
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After the slide-bars are fitted up, iht pistons may be put in 
the cylinders. They are made of cast-iron, and have the steel 
piston-rods attached to them before they are brought to the 
erecting-shop. There are three grooves turned in the piston- 
head for the reception of the packing-rings. The rings 
used by Mr. Webb are not of cast-iron, as in the case of 
those previously described. Each ring is made of a thin bar 
of steel set by machinery into a circular form ; about an inch 
and a half is left between the two ends, and the circle is 
slightly larger than the bore of the cylinder. The rings are 
therefore in compression when working in the cylinder, and 
their natural tendency to spring outwards forms a steam- 
tight joint with the surface of the cylinder. The ends 
should almost touch when in the cylinder, and, as has 
already been explained, in putting them in care must be 
taken not to let the joints in the rings be opposite to each 
other. The piston is put in from the front end of the 
cylinder, and the piston-rod projects through the stuffing- 
box. The cross-heads are then fixed to the piston-rods. 
Each cross-head has two slide-blocks : the bearing surface of 
one works on the top slide-bar, and of the other on the 
lower slide-bar. These slide-blocks must be carefully ad- 
justed so as to be a good fit between the slide-bars, but at 
the same time work freely between them. 

After placing the slide-valves in the buckles or frames 
attaching them to the valve spindles, they are inserted 
in the steam-chest from the front end. The valve spindles 
project through the stuffing-box at the back of the steam- 
chest, and are connected by the adjusting screw and nut 
to the valve spindle-slides^ which work in the cast-iron guide 
bolted to the spectacle-plate. 

In the meantime other men may be engaged on the 
following work — 

Fixing the framework of the angle-iron round the barrel 
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of the boiler and at the top ancl sides of the fire-box, 
casing down to the frame-plates. After this framework is 
completed, a thick layer oifelt is placed next to the boiler- 
plates, which has the effect of preventing loss of heat by 
radiation. The lagging-plates ^ which form the outer covering 
of the boiler and are made of thin sheet-iron, are then 
screwed on to the angle-irons, enclosing the felt lagging 
between them and the boiler. 

Bolting the splashers to the side-plates, also fixing iht panel- 
plates, which form a protection at each side of the foot-plate. 
Along the top of the panel-plates hand-rails are bolted, 
secured at one end to the hand-rail pillars fastened to the 
side-plates, and at the other end curved round and bolted 
to brackets on the fire-box casing. The splashers for the 
rear or trailing-wheels are riveted to the inside of the 
panel-plates. 

Fixing the cab, which is the hood protecting the engine- 
men from the weather. It is bolted to the panel-plates at 
both sides, the centre of it resting on the fire-box case. 

The engine is now ready for the wheels, and is lifted by 
two overhead travelling-cranes (one at each end) off the 
cast-iron pillars that have supported it under the framework 
during the process of construction. Mr. Webb's coal 
engines have cast-iron wheels similar to that illustrated in 
Fig. 88. The wheels, axles, and tyres are put together and 
turned up before being brought to the erecting-shop. The 
axle-boxes have already been bedded on to the journals and 
fixed by the axle-box keeps on to the axles, and the wheels 
are run under the engine, which is suspended in mid-air by 
means of the travelling-cranes. Each pair of wheels is 
placed in position under the corresponding horn-blocks, and 
the engine is lowered on to them, a man guiding each axle- 
box into its horn-block as the engine descends. 

The springs are placed in the hooks with the spring-pins 
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under them in the guides bolted to the frame-plates. These 
pins, as soon as they touch the top of the axle-boxes, transmit 
the weight of the engine to the springs. 

The trailing-wheels are carried on one large inverted 
spring which extends from one axle-box to the other, the 
ends of the spring taking the weight on a friction roller on 
the top of each box. These rollers prevent strain on the 
frames when travelling round curves, and allow free play for 
the spring, which is curved upwards, the top part of it bear- 
ing on the centre of the bottom of the cast-iron foot-plate. 

After the engine is lowered on to the wheels a stay-bolt is 
bolted through the two lower ends of the horn-plates under- 
neath each axle-box (see S, Fig. 90). This strengthens the 
frames, which would otherwise be weakened by the spaces cut 
in them for the reception of the horn-blocks and axle-boxes. 

The wheels being in their places, the work of fixing up 
the valve motion and connecting-rods may be taken in hand. 
The connecting-rods are coupled by their small ends to 
the cross-heads, and by the big ends to the crank-axle. 
The small end of the rod is forked, and to the end of each 
fork a bearing is attached by wedges called "gibs" and 
** cotters." Each bearing works on a brass cap at either 
side of the cross-head. . 

The big end consists of two brasses fixed in a steel 
"strap." The strap with one brass in it is put on the 
journal of the crank axle ; the second brass is then put in 
the strap, and the two form a complete bearing round the 
journal, being also kept in position by " gibs " and " cotters." 
The ends of the strap fit on to tlje end of the connecting-rod, 
being secured to it by another cotter called a ** butt-cotter." 

The details of the piston, piston -rod, and connecting-rod 
for an engine of this class have been illustrated in Fig. 82, 
chap. vii. 

The ecantric-rods may now be put up, and are fixed in 
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the manner already described, this engine being fitted with 
the valve motion illustrated in Fig. 43. The eccentric- 
sheaves are keyed on to the driving axle before the wheels 
are brought to the erecting-shop. 

The reversing-shaft is fixed between the frames at RS 
(Fig 94), and works in a boss or bearing surface on each 
frame. On it near the centre are four levers; two to 
support the valve motion and move it in the required 
position for reversing the engine and working the steam 
expansively ; the other two on the opposite side of the shaft, 
each carrying a heavy cast-iron block, to balance the weight of 
the motion. Another lever on the end of the shaft, outside 
the framing, is coupled by a long rod to the reversing-screw^ 
which works in a cast-iron bracket fastened by studs to the 
fire-box casing. On this screw is a wheel, which is the 
driver's handle for actuating the reversing-gear. 

The outside coupling-rods are now put up ; there are two 
at each side of the engine, working on the crank -pins. The 
leading-rods have each two bearings, one for the driving 
and the other for the leading crank-pins. The trailing-rod 
works on the trailing crank-pin at one end, and at the other 
is coupled to the leading-rod by a forked joint and pin 
(see Fig. 89). The rods are kept in position by large 
washers on the ends of the crank -pins, to which they are 
attached by split-pins. 

The process of setting the valves will be described in a 
succeeding chapter. 

The ash-pan is bolted to brackets at the bottom of the 
fire-box casing. It must be made air-tight as far as possible, 
and the door or damper fitted to the front with a rod 
extending to the foot-plate, where it works in a rack, thus 
enabling the driver to set it in any required position. 

Tht fire-bars are then put in position, and the brick arch 
built in the fire-box. 
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The following fittings, which have not yet been mentioned, 
are added, being put up during the erection of the engine 
whenever most convenient — 

The cylinder taps and gear for working them from the 
foot-plate, for allowing the condensed water to escape from 
the cylinders. 

The sand-boxes and gear for putting dry sand on the rails 
when greasy, to prevent the engine slipping. 

The feed-pipes for conveying the water from the tender to 
the injectors, which constitute the apparatus for supplying 
the boiler with the feed-water, as already described else- 
where. 

The buffer-planky draw-bar^ and couplings are the last 
things to be put up, and having mentioned them, the general 
survey of the process of the erection of a locomotive, such 
as has been described, is completed. It must be understood 
that allusion has here been made only to the more im- 
portant parts that have to be put together and handled in 
the erecting-shop, a detailed description of the various parts, 
and of the boiler and its fittings, having been already given. 

The usual time taken to erect a coal-engine in the Crewe 
Works is four weeks, but as an experiment, the whole of the 
work was upon one occasion performed in 25^ hours. An 
illustration of an engine of this class is shown in Fig. 100, 
p. 208. 

Some time ago Mr. Webb had a very accurate record 
taken of the actual amount of raw material used in the 
manufacture of one of his eight-wheel Compound Coal 
Engines, and we conclude this chapter by giving the follow- 
ing list, which shows not only the raw material, but also the 
coal which has to be consumed in converting the pig iron 
mto steel, and from that into the thousand and one articles 
which go to make up the locomotive engine illustrated in 
Fig. 107, p. 223. 
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QRS. 



Coal 


.. 57 
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Pig Iron 
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Ferro Manganese 
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Red Ore 





I 





8 


Chrome 
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2 


Aluminium 











13 


Antimony 











4 



All these figures added together reach just upon 139 tons. 
The engine in its complete state represents a weight of only 
one-third of this. 
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CHAPTER X. 

HOW THE SLIDE-VALVES ARE SET. 

After the connecting-rods and valve-gear are put up, the 
process of " setting the valves " is gone through. This is 
an important duty, and should only be entrusted to a careful 
and experienced man. 

As already explained, the admission of steam to the 
cylinders is controlled by the size of the valve and ports, 
the lead given, and the throw of the eccentric ; but although 
these may all be correctly calculated and properly con- 
structed, great care is necessary in fitting up the gear to see 
that the valve is so placed in the steam-chest as to afford 
an equal distribution of steam to each end of the cylinder. 
If the eccentric-rod or valve spindle are not exactly of the 
right length, the steam admission is greater at one end of 
the cylinder than at the other, and " setting the valves " is 
the term used to describe the operation by which the correct 
length of the valve spindle is determined, and the equal 
distribution of steam at each end of the cylinder ensured. 

There are two ways of setting the valves — 

(i) By equalizing the "lead" when the crank is at the 
extreme end of each stroke. 

(2) By equalizing the full opening of the valve for steam 
admission at each end of the travel of the valve, without 
taking into consideration the position of the piston. 
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The first of these methods, known technically as setting 
the valves by the centre^ gives the most accurate results, but 
the second method is frequently used in running-shed 
practice, as it takes a shorter time, and appears to obtain the 
most correct average between forward and back-gear, when 
there is a slight difference in the length of the eccentric- 
rods. The method of setting the valves by the centre may 
be thus briefly described. 

It is first necessary to get the exact position of each 
crank on the forward and back centre. Tht forward centre 
is when the crank is at its nearest point to the cylinder, the 
piston being at the extreme end of its stroke at the front 
end of the cylinder. 

The back centre is when the crank is at its furthest point 
from the cylinder, the piston being at the extreme end of its 
stroke at the back end of the cylinder. 

The following is the method by which the exact position 
of the crank on each centre is obtained — 

The driving-^heel is set in the position for the crank to 
be nearly at the end of its stroke^ and a vertical line is 
drawn with a sharp-pointed scriber upon one of the slide- 
bars and the slide-block next to it. A slight dent or 
centre dot is now punched at any convenient point on the 
engine frame, and this is the point from which the observ- 
ations are taken by means of a trammel, which is a piece of 
thin steel rod in the shape of an L> having a sharp point at 
the end of each leg. 

One of these points is placed in the centre dot on the 
framing, and with the other point a mark is made on the 
outer side of the tyre of the wheel. The wheel is then 
turned past the end of the stroke, and stopped when the 
marks on the slide-block and slide-bar again exactly 
correspond with each other. 

It must be clearly understood that this mark is made as 
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the cross-head is on the outtvard stroke ; when the wheel is 
turned the slide-block moves to the end of the stroke, and 
then comes back again towards the mark on the bar, the 
wheel being stopped when the marks again exactly correspond 
on the return stroke. 

Another mark is now made on the tyre of the wheel by 
the trammel as before. The distance between the two 
marks on the tyre is accurately divided by a pair of com- 
passes, and a centre dot made on the dividing line. When 
the wheel is turned to the position in which the point of one 
leg of the tramn)el is in the centre dot on the frame, and the 
point of the other leg in the centre dot on the wheel, the 
piston is at the extreme end of the stroke, and the engine is 
said to be " on the centre." 

The same operation is gone through to get the centre at 
the opposite end of the stroke, and for the two centres of 
the other crank. There are therefore altogether four centres 
to get ; each is marked in the same way on the tyre of the 
wheel, and as the cranks are at right angles to each other, 
the circumference of the wheel is thus divided into four 
equal sections. 

For the purpose of this description it will only be 
necessary to refer to one side of the engine, each valve 
being set in exactly the same way. 

The crank is placed on the forward centre, one point of 
the trammel in the centre dot on the frame, and the other 
on the wheel. 

The valve should then be open for the admission ot 
steam to give the lead. This opening is accurately measured, 
and the crank then turned a half revolution, t.e, to the 
opposite centre, which must also be gauged by the tramiAel 
The valve should now be open to give the lead at the 
opposite end of the stroke. This opening is also measured 
and the two measurements compared. If the eccentric-rod 
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and valve spindle are exactly the proper length, the two 
openings will be equal. If there is a difference the valve 
spindle must be lengthened or shortened as required until 
the lead is equalized. 

Most of the Crewe engines are fitted with eccentric-rods 
made exactly to a standard length, and it is not the practice 
to alter them in setting the valves, the adjustment being 
obtained by means of the screw and nut shown at SN (Fig. 
43). Sometimes the eccentric-rods are fitted with liners, 
where they are bolted to the eccentric-straps, and the 
adjustment is effected by altering the thickness of the liners. 
This is shown in the valve gear illustrated in Fig. 44, 
chap. iv. 

If there is no means of adjustment provided, the eccentric- 
rods must be taken to the smith's shop and lengthened or 
shortened as required. 

When each rod can be adjusted separately, each valve 
should be carefully set in forward and back gear, but when 
the adjustment is on the valve spindle it is best to get the 
valves right for forward gear, and overlook any small 
inaccuracy in the back gear movement, provided it is not of 
too glaring a description. With some kinds of link motion 
it is found advisable to give slightly more lead to the front 
port 

To enable the fitter to accurately measure the openings 
of the ports, an iron template or skeleton pattern of the 
ports is fixed to the outside of the steam-chest, and a 
similar pattern of the valve — attached to the front end of the 
valve spindle — is made to travel over the template of the 
ports as the wheel turns. The position of the valve and 
ports at each part of the stroke can thus be easily seen and 
measured. 

When the valves are set "by the travel," the centres are 
not marked off on the driving-wheels. The engine is moved 
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untQ the valve is found to be open to its fullest extent for 
the steam admission to one port. This opening is 
measured, and the engine moved on until the valve is 
opened to its fullest extent for the admission of steam to 
the opposite port, which is also measured. 

The two measurements are then compared, and any 
difference there may be between them is adjusted by the 
screw and nut on the valve spindle. 

With engines fitted with the Joy valve gear, that for the 
most part run chimney first, it is found in practice to be 
the best plan to set the valve accurately for forward gear, 
and not take back gear into consideration at all. 

It may be observed that in setting any valve gear the 
driver's lever should be placed, not in full gear, but in the 
position it will normally occupy when the engine is running 
with an average load. 
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CHAPTER XL 

CLASSIFICATION OF ENGINES, TRACTIVE FORCE AND 
BALANCING. 

The classification of engines in regard to the position 
of the cylinders and frames has already been explained. 
There are further important differences in classification 
which may now be touched upon. 

A Tender Engine carries its supply of feed-water and fuel 
upon a separate vehicle called the tender. Such engines 
are used for long runs in which the opportunities for re- 
plenishing the tank are few and far between, and when 
the nature of the work entails the consumption of a large 
quantity of coal. 

A Tank Engine carries these supplies upon the engine 
itself, the feed-water in convenient tanks and the coal in a 
receptacle, at the back of the foot-plate, called the "coal 
bunker." The classification of tank-engines may be thus 
further subdivided. 

1. Side-tank Engines , which carry the feed- water in rect- 
angular tanks, extending alongside the boiler at either 
side upon the side frames. 

2. Saddle-tank Engines, which carry the water in a semi- 
circular tank, resting upon the top of the boiler and 
fire-box shell 

Tank-engines are used for short trips when water can be 
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frequently obtained, and the work is of such a nature that 
the mileage run only requires the engine to carry a com- 
paratively small amount of fuel. These engines are very 
useful for branch-line work ; they can run almost equally 
well in either direction, which is a great advantage when 
there is a difficulty in getting to and from a turn-table. 
The extra weight of the coal and water gives the driving- 
wheels a good grip on the rails. 

A Single Engine has a pair of driving-wheels working 
entirely independently of all the other wheels. Such 
engines run more freely at high speeds than engines that 
have their wheels coupled together, but the adhesion to the 
rails with single driving-wheels is not so great as with coupled 
wheels. Single engines are therefore unsuitable for working 
heavy trains over lines with steep gradients, and when 
starting the wheels are apt to " slip," that is, to spin 
round upon the rails without moving the engine. These 
engines are used principally for light express passenger 
trains, and there is no doubt that when once a speed is 
attained, they compare favourably with coupled engines, 
both in the matter of economy and general satisfactory 
working. 

The chief upholder of single wheel engines in modern 
times was the late Mr. Patrick Stirling of Doncaster, and he 
has built some very splendid engines of this class. The 
long, quick, and punctual running on the Great Northern 
Railway is well known to most people, and great credit is 
due to the large single engines working their express trains 
for obtaining for the Company the notoriety they un- 
doubtedly possess in this respect. At the same time the 
maximum weight of their fastest trains is not so great as 
that of some other railways, and the road is exceptionally 
favourable in the matter of gradients. 

A Four-wheels Coupled Engine has two pairs of wheels 
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coupled together by outside rods working on crank-pins on 
the wheels. The driving-wheels are acted upon by the 
piston and connecting-rod in the same way as a pair of 
single driving-wheels, and the wheels to which they are 
coupled are of the same diameter. By coupling the wheels 
together the adhesion to the rails is greatly increased, and 
thus a material advantage in starting the train from a state 
of rest is obtained. Generally speaking, the wheels are not 
of such large diameter as the single wheels of an express 
passenger engine, but 7 ft. wheels can be coupled together 
with excellent results, provided the machinery is powerful 
enough to drive them. The part of the engine not carried 
on the coupled wheels is usually supported on a bogie or a 
radial axle-box — which may be either at the leading or 
trailing end of the engine. The usual plan is to couple the 
driving (middle) wheels to the trailing-wheels, and to carry 
the leading end upon a bogie or radial axle-box, but this 
position is sometimes reversed, the trailing end being so 
carried, and the leading wheels under the smoke-box 
coupled to the driving-wheels. With four- wheels coupled 
engines the wheels not coupled are always much smaller 
than the driving-wheels. 

Six- Wheels Coupled Engines are for working goods and 
mineral trains. The six wheels are of course all the same 
diameter, which should not exceed about 5 ft, as the wheel 
base of the three pairs of wheels is rigid, and the larger 
the wheels the longer this rigid wheel base. Occasionally 
engines are constructed with six wheels coupled .and an 
additional pair of smaller wheels either at the leading or 
trailing end. Engines with six coupled wheels possess 
great advantage when starting a heavy load, as the steam 
acting upon the piston communicates its power to all the 
six wheels at once. 

Mr. Webb has lately built at Crewe a very powerful 
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compound goods engine with eight wheels coupled^ which will 
presently be described. 

Engines may also be classified as " Simple " or " Com- 
pound," a distinction fully explained hereafter. 

The table on page 194 is a list of some of the more 
important combinations of these different classifications as 
illustrated by types of various modern locomotives running 
on different railway lines. 

The general details of the structure of a locomotive have 
already been briefly described, but it will be understood 
that these details vary greatly in accordance with the ideas 
of their designers, and the special class of work for which 
an engine is constructed. The principal, however, is the 
same in all cases, whatever may be the special form of 
design ; and any further detailed description will not now 
be attempted. The leading features of the engines illus- 
trated will simply be mentioned, and it is hoped that the 
reader will, by what he has read in the previous pages, be 
able to gain some idea of their general structure. 

It may be useful here to note the formula for finding the 
tractive force of a locomotive, which is — 

/T^- r !• J • • \o . 1 • • ( Tractive force in lbs. for 

(Diam. of cylinderin m.r x stroke in in* \ 1 1. rir ^• 

fTT ; , . . ■ \ . — ; — ; = < each lb. of eflfective steam 

Diameter of dnvmg-wheel m inches. \ ^.u • * 

^ ( pressure upon the piston. 

An engine having cylinders 17 in. in diameter and 24 in. 
stroke, and driving-wheels 4 ft. 3 in. in diameter, h:,s 
therefore a tractive force amounting to 

17XI7X24 _ 155-6 lbs. for each lb. of effective steam pressure per sq. 
51 ^ inch on the piston. 

This is the tractive force exerted by a London and North- 
western coal engine (Fig. 100), which has the foregoing 
dimensions. 

The effective pressure of steam on the piston with differ 
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ent rates of expansion is thus given in Molesworth's 
formulse, the boiler being assumed at 100 lbs. per square 
inch — 

BFFBCTIVB PRBSSURB. 

Steam cut off at f stroke ... 90 lbs. 

ff 6 V ••• °® M 

tt i >» ••• ^9 »» 

•, t „ ... 50 »» 

„ i » ... 40 » 

The adhesive force per ton of load on the driving-wheels 



PBS TON. 

When the rails are very dry ... ... 600 lbs. 

When the rails are very wet ... ... 550 „ 

In ordinary weather ... ... ... 45° »» 

In foggy weather, or when the rails are greasy 306 „ 

In frost or snow ... ... ... 200 „ 

In coupled engines the adhesive force may be taken as 
exerted by the load on all wheels coupled to the driving- 
wheels. 

The adhesive power must be greater than the tractive 
force of an engine on the rails, otherwise the wheels will 
slip. 

These formulae applied to the particulars given of the 
different engines illustrated will enable the reader to gain 
some idea of their hauling power. 

The necessity of balancing locomotive engines may also 
be alluded to here ; it was discovered early in their history ; 
indeed, Stephenson refers to the matter in the year 
1845. 

If an engine is not balanced at all, or is improperly 
balanced, it is found that a very irregular motion takes 
place when it is run at any speed, and it has been shown 
by actual experiments that it is impossible to run an un- 
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balanced engine at the same speed as one that is balanced, 
and that there is a great saving of fuel effected by the 
proper distribution of weight in the rotating parts. 

Mr. D. K. Clarke, in 1856, balanced the engine 
"Canute" on the London and South-Westem Railway, 
and found an estimated saving of 4 lbs. of coal per mile, or 
20% on its previous consumption. Several goods engines, 
having four coupled wheels and outside cylinders, were also 
balanced about the same time, with the result that 4 lbs. 
of coal per mile were saved, which amounted to 11% of the 
total consumption. 

I^ Chatelier, in 1849, also balanced a six-coupled goods 
outside cylinder engine, and found it ran with complete 
steadiness at the rate of 30 miles an hour with a load. He 
then tried it with balance weights off, and found it im- 
possible to attain a higher speed than 25 miles an hour, 
and that with violent oscillation and unsteadiness. 

To balance an engine properly, the revolving and recip- 
rocating parts — viz., the pistons, piston-rods, cross-heads, 
connecting-rods, and cranks — must be balanced by weights 
in the wheels. This can all be calculated, and the engine 
balanced theoretically, but it is still open to a certain 
minimum of error through the variation between the actual 
weight of the metal and the calculated weight, and perhaps 
through slight variations between the sizes of actual parts 
and their drawings. 

It must also be noted that when an engine is balanced it 
is only correct for the speed at which it is usually required 
to run, and some authorities hold that, after theoretically 
balancing an engine, the best way is to sling it up and then 
set it in motion at its proper number of revolutions, and 
adjust the balance weights until there is no perceptible 
oscillation or irregular movement about the engine. 

For engines with inside cylinders, it is usual to put a 
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counter-weight in the wheels on each side of the engine, 
equal to about three-quarters of the gross disturbing weight ; 
and for outside cylinder engines, the balance weights should 
equal at least seven-eighths of the disturbing weight. As a 
matter of practice, it is best to distribute the balance weights 
over two or three spaces between the wheel spokes. The 
position of the balance weights between the spokes can be 
seen in many of the illustrations given. 
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CHAPTER XII. 

LONDON AND NORTH-WESTERN RAILWAY ENGINES. 

Through the kindness of different locomotive superin- 
tendents in supplying photographs, the author is enabled 
to introduce examples of some of the different types of 
modem locomotives running on various lines in the United 
Kingdom. 

He will perhaps be pardoned if amongst these examples 
the larger proportion are found to be engines working on 
the London and North- Western Railway, with which he is 
himself connected, and of whose engines he has necessarily 
had greater experience. 

Webb, the Xondon and North-Western, and Crewe 
Works, are now names famous throughout the world in 
connection with compound engines, and all the Company's 
most modern express passenger and most powerful goods 
engines are of the compound type. 

The engines which immediately preceded the compounds 
were likewise designed by Mr. Webb, and are known as the 
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" 6 ft. 6 in. coupled " class. These are most useful engines, 
and have done splendid work on the line, and there are at 
present i66 of them running, chiefly employed in working 
express passenger trains. During the race to Scotland in 
1888, an engine of this class worked the lo.o a.m. ex 
Euston between Crewe and Carlisle, and on one trip 
covered the distance from Preston to Carlisle, 90 miles, in 
exactly 90 minutes, having a gradient of no less than i in 
75 to climb between Tebay and Shap Summit. Assuming 
that the gradient was surmounted at the rate of 45 miles an 
hour, the engine must on this occasion have lifted the 
dead weight of the train one foot per second. But this 
record was left far behind in the second famous Scotch race 
in 1895, when the engine "Hardwicke" of the same class 
ran from Crewe to Carlisle, a distance of 141 miles, at the 
average speed throughout of 67*2 miles per hour. This 
was indeed a remarkable performance, and has never been 
beaten in this or any other country. 

At this rate the piston travels at the speed of 19 J ft. 
per second, and the wheel makes 289*5 revolutions per 
minute. 

Let the reader turn for a moment to the description of 
the action of the steam in the cylinder, as given on page 
60, and try to realize that what is there described as 
taking place every time the piston travels from one end of 
the cylinder to the other, happens 579 times in one minute 
when a 6 ft. 6 in. engine is travelling at this speed. 

The following particulars of this remarkable run are 
inserted here, giving the journey throughout from London 
to Aberdeen — 
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8 P.M. EUSTON TO ABERDEEN, August 22, 1895. 
Particulars of running between Euston and Carlisle. 



TIMING STATION. 


TIME OF 
PASSING. 




Q B « 


(A S 


WW. 






H. M. S. 


tnin.sec. 


miles. 








Euston ... {dep.) 


8. 0.0 \ 


17.0 


173 


61 O' 






Watford ... {pass) 


8.17.0 J 












Tring ... „ 


8.30.30/ 
8.43.0 / 


13-30 


14-2 


63-1 




Driver, 


Bletchley... „ 


12.30 


150 


72-0 




R. Walker. 


Rugby ... „ 


9.17.0 / 


34-0 


36-0 


63-5 


64-3 

miles 


Load3=4i. 


Nuneaton „ 


9.30.30/ 

9.41.30 } 

10. 4.0 / 


13.30 


146 


64-9 


per 
hour. 


i Comp. 
Pass. Eng. 


Tam worth „ 


II. 


130 


709 




"Adriatic/' 
from London 


Stafford ... „ 


22.30 


234 


62 4 




to Crewe. 


Crewe ... {arr.) 


\ 
10.27.30/ 


22.30 


24 6 


62-8, 






Crewe ... {dep,) 


10.29.30 
10.51.25 / 
II. 1.35/ 
11.15.15/ 












Warrington {pass) 


21.55 


24-1 


66 -o' 






Wigan ... „ 


10.10 


II-5 


(>r9 






Preston ... ,, 


13.40 


155 


68 -o 






Lancaster „ 


1 1.34.5 1 
11.39.42/ 
II. 51. 10/ 
12. 4.0 / 
12. 10.0 j 
12.21. J 


18.50 


206 


657 




Driver, 
B. Robinson. 


Carnforth „ 


5.37 


6-5 


69-6 
67-0 


6r2 

miles 


6'6"4-wheel 


Oxenholme „ 


11.28 


"12-8 


per 
hour. 


coupled 
Pass. Eng. 


Tebay ... 


12.50 


131 


61 -2 




" Hardwick," 
Crewe to 


Shap Summit ,, 


6.0 


5-8 


58-0 




Carlisle. 


Penrith ... „ 


II. 


13*3 


72-5 






Carlisle ... {arr.) 


1 
12.35-30/ 


14.30 


i8-o 


74-4 








299-25 
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Particulars of running between Carlisle and Aberdeen. 



TIMING STATION. 


TIME OF 
PASSING. 




Q n w 




S S5 




Carlisle ... {dep.) 


I". M. S. 

12.38.0 1 


min.sec. 


miles. 








Beattock ... {pass) 


I.I7.30 1 


39.30 


3975 


6o-3^ 






Beattock 
Summit „ 


I.3I.0 J 


13.30 


100 


44*4 






Carstairs „ 


1.520 / 


21.0 


2375 


67-8 


6o-5 


Driver, 


Law Junction „ 


2. 2.30/ 


10.30 


IO-5 


6o'o . 


miles 
per 


A. Crooks. 


Holy town ,, 


2. 7.30/ 


5.0 


575 


69-0 


hour. 


Engine No. 9a 


Larbert ... „ 


\ 
2.27.0 J 


19.30 


20-0 


61-5 






Stirling ... „ 


2.34.30 ) 


7.30 


8-0 


64*0 






Perth ... {arr.) 


1 

3. 7.30/ 


33.0 


33'o 


600 






Perth ... {dep.) 


3. 9- 30 












Forfar ...(/aw) 


3.39.0 1 


29.30 


32-5 


66-i>| 






Kumaber 
Junction „ 

Drumliihe „ 


3.57.0 J 
4. 9.30/ 


18.0 
12.30 


19-25 
15*5 


64-2 
74*4 


65-4 
miles 


Driver, 
J. Souttar. 


Stonehaven „ 


4.16.30; 


7.0 


675 


57-8 


per 
hour. 


Engine No. 17. 


Aberdeen „ 




- 










Ticket 

Station {arr. ) 


4.30.0 


15-30 


16 'O 


61-9 






Ticket 














Station {d,p. ) 


4.31.0 












Aberdeen (arr.) 


4.32.0 














24075 
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An illustration of engine " Hardwicke," with Driver B. 
Robinson on the footplate, is given in Fig. 97. This engine 
is interesting, not only because it holds the record for speed, 
but on May 27, 1892, when working the 2*10 p.m. from 
Euston, owing to a mistaken signal, it was run into by 
another company's train at Derby Junction, and pushed 
completely over the viaduct into the street below, a depth 
of some 40 ft. The engine pitched over on its side, the tender 




Fig. 97. 

turned a complete somersault, and landed upside down at 
the chimney end of the engine. 

Strange to say, the driver and fireman, who went over the 
viaduct on the footplate, lived to tell their experiences. The 
driver remembered distincdy the left leading wheel of the 
engine striking the ground first, while he stood in his 
position in the corner of the cab as the engine was making 
its downward plunge. He was stunned by the fall, but 
without knowing what he was doing, he crept out of the 
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ruins, and although regaining consciousness for a moment, 
he knew nothing of what had happened until several weeks 
after. After being off duty some months, he started work 
again on local passenger trains, and one would think that 
his experience would have made him content to remain on 
such work ; but not so, he was never satisfied until he got 
back again on to his old job on express trains, where he 
remained until he left the Company's service of his own 
accord some time afterwards. The fireman is still at work 
at Bushbury. 

So long as we have railway men with the spirit and pluck 
shown by " Hardwicke's " drivers and firemen in the two 
different experiences quoted, and railway men who can vie 
with our soldiers and sailors in acts of conspicuous bravery, 
as they are now doing in the Transvaal where war is raging 
as this book is going to press, there is no fear of the decline 
of England's prestige as the paramount power abroad or the 
leader of railway enterprise at home. 

The 6 ft. 6 in. coupled engine is still a standard type of 
express passenger engine on the London and North- 
western Railway, although not so powerful as the modern 
compound engines. 

The particular engine of this class, illustrated in Fig. 98, 
is the " Charles Dickens," now a famous engine, and one 
that is well known to every habitual traveller between 
London and Manchester. It is stabled at Manchester, and 
daily runs from that city to London and back, the total 
distance being 366J miles. Except when stopped for 
repairs, the "Charles Dickens" has since February 1882 
made this journey every day, working up the 8.30 a.m. from 
Manchester, and returning with the 4.0 p.m. from Euston. 
On September 12, 1891, it completed its 2651st trip, 
having accomplished the extraordinary feat of running 
1,000,000 miles in 9 years 219 days. No other engine in 
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the world has run so many miles in a like period of time. 
Between these dates, in addition to the Manchester and 
London trips, 92 other journeys were made, and altogether 
12,515 tons of coal were consumed. At the end of February 
1893 the total mileage run by the "Charles Dickens" was 
1,138,557. At the end of February 1899 the total mileage 
run by the "Charles Dickens" was 1,724,516. 

The London and North-Western 6 ft. 6 in. coupled 




Fig. 98. 

engines are fitted with the straight link motion, illustrated 
in Fig. 42. The leading end of the engine is carried on a 
pair of 3 ft. 9 in. wheels with ordinary axle-boxes, and the 
weight is distributed as follows — 



Leading- wheels 


TONS 
10 


CWT. 

5 


Driving-wheels 


II 


10 


Trailing- wheels 


II 





Tender (1800 gals.)... 


25 






Total 



57 15 
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The principal dimensions are — 

Cylinders, 17 in. by 24 in. 

Heating surface : tubes, 980 3 sq. ft. ; fire-box, 103-3— total 
sq. ft., 1083-6. 

The wheels are made of steel, as is also the boiler, which 
carries a pressure of 150 lbs. per square inch. 

The engine (in common with all other London and 




Fig. 99. 

North-Western engines required to work passenger trains) 
is fitted with the steam brake, which works automatically with 
the vacuum brake on the train, upon admission of air into 
the train-pipe. The ejector creates the vacuum, which is 
maintained while running by an air-pump driven off the 
cross-head. 

An illustration of one of the later types of London and 
North-Western Railway passenger tank engine is given in 
Fig. 99, This class of engine is doing very useful work on 
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the line. The coupled wheels are 5 ft. 6 in. in diameter, 
so that the engine is capable of running at a high speed, 
and as the tanks hold 1347 gallons of water and the coal 
bunker 2 J tons of coal, it is serviceable, not only for 
local passenger trains, but also for main line passenger 
work, provided the runs between stations are not too long. 

As these engines run equally well in either direction, they 
can be arranged with short margins at terminal stations, 
since the time taken by a tender engine in turning and 
getting to and from a turntable is saved. They are also 
powerful enough to work goods trains when required, and 
are employed for mixed goods and passenger work on 
the Oxford, Cambridge, and other branches, where a saving 
in engine power can often be effected by an engine 
working a goods train in one direction and a passenger 
train in the other. Altogether, these engines are giving 
great satisfaction, and proving a very useful addition to the 
locomotive-stock of the London and North- Western Railway. 

The principal dimensions are — 

Cylinders, 17 in. in diameter by 24 in. stroke. 
Diameter of coupled wheels, 5 ft. 8 in. (with new tyres). 
Diameter of leading and trailing-wheels (the latter fitted with 

radial axle-boxes), 3 ft. 9 in. 
Total wheel base, 22ft. 5 in. 
Heating surface: tubes, 960*2 sq. ft. ; fire-box, 946 sq. ft.— 

total sq. ft., 1054*8. 

The boiler pressure is 150 lbs, per sq. in., and the weight 
is distributed as follows— 



Leading-wheels 
Driving-wheels 
Intermediate wheels . . . 
Trailing-wheels 


... 


TONS CWT. 

10 7 

14 18 
14 

11 5 


Total 


••• 


50 10 


The total length over buffers is 


33 


ft. 9 in. 
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A standard type of London and North-Westem goods 
engine, called the "DX'' class, which has already been 
illustrated in Fig. 28, chap, ii., may be again noticed here. 
This class of engine is still working important goods trains 
on the line, although it is now thirty-four years since the 
company began to build them. There are at the present 
time 750 "DX'' engines at work. During Mr. Webb*s 
time they have been fitted with his steel boilers, which 




Fig. 100. 

carry a pressure of 140 and in some cases 150 lbs. to the 
sq, in. The addition of the cab and the altered form of 
splashers has considerably metamorphosed their original 
appearance. 

In chap. X. a description has been given of the erection 
of one of Mr. Webb's coal engines, designed for the heavy 
mineral traffic on the line. Fig. 1 00 is an illustration of an 
engine of this class. 

It has six coupled wheels 4 ft. 3 in. in diameter, made of 
cast-iron, similar in construction to the wheel illustrated in 
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Fig. 88. The boiler pressure is 150 lbs. to the sq. in., and 
the following are the principal dimensions — 

Cylinders, 17 in. by 24 in. 

Heating surface : tubes, 980 sq. ft. ; fire-box, 94*6 sq. ft. — total, 

sq. ft. 1074 6. 
Grate area, 17 'i sq. ft. 

Weight— 



Leading- 


wheels 


TONS 
10 


CWT. 
6 


Driving 


,, 


10 





Trailing 


i$ 


9 


5 


Tender 




25 






Total ... 54 II 

This engine is capable of drawing 35 loaded coal waggons 
amounting to a gross weight of 541 tons, at an average speed 
of about 25 miles per hour, over the ordinary gradients of 
the main line at all seasons of the year. 

This load is, in some instances, increased to 45 loaded 
coal waggons, making the total weight of the train, exclusive 
of engine and tender, about 640 tons. • In such cases, 
the average timed speed of the trains is 25 miles per 
hour. 

For simplicity of design and economy in first cost, com- 
bined with efficiency and cheap working, Mr. Webb's coal 
engines stand perhaps second to none. 

A powerful engine, designed by Mr. -Webb for working 
the most important through express goods trains on the 
London and North- Western Railway, is illustrated in Fig. 
loi. It has six coupled wheels 5 ft. in diameter, and is 
known as the 18 in. goods type ; so called from the diameter 
of the cylinders, which was, at the time they were first built, 
larger than had previously been used with London and 
North- Western Railway engines. These engines are chiefly 
employed working express goods trains between London, 
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Carlisle, Liverpool, and Manchester. They are capable of 
working heavy trains at a high speed, and are doing excellent 
work on the line. The wheels are made of steel, and the 
weight is distributed on them as under — 



Leading-wheels 
Driving „ 
Trailing „ 



Weight of tender 



Total 



Total 



II 


14 


12 





II 


10 


35 


4 


25 






60 4 




Fig. ioi. 
The principal dimensions are — 

Total length over buffers, 46 ft. 7 in. 

Heating surface : tubes, 980 sq. ft. ; fire-box, 103*5 sq- ft. — total 

sq. ft. 1083 5. 
Grate area, 17*1 sq. ft. 

The boiler pressure is 150 lbs. per sq. in., and the "Joy" 
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valve gear is used to regulate the distribution of steam in 
the cylinders. 

An example of an ordinary run from London to Liverpool 
with an express goods train worked by an engine of this 
class is given. The speeds include any signal slacks the 
train may have met with. 

10.40 P.M. GOODS ex CAMDEN, FEB. 3RD, 1893. 







TIME OF 


TIME OP 


SPEED PER 


NO. OF 






ARRIVAL. 


DEPARTURE. 


HOUR. 


WAGGONS. 






A.M. 


P.M. 








Camden 


— 


10.52 






45i 


Bletchley ... 


12.40 


12.50 


251 


)- 


3S5 


Rugby 


2.12 


2.32 


262 


5oi 


Stafford 


4.20 


4.30 


28-2 


}« 


24i 
284 


Crewe 


5-35 


545 


22-6 


Ditton 


6.50 


7.0 


266 


}3' 


9i 


Edge Hill ... 


7.30 




i8-s 


I94i 


Average speed 


— 


— 


257 





Recently the Company has tumed out of its works at 
Wolverton some new local passenger trains composed of 
50' o" " Bogie " stock. These trains were put to work 
between Euston and Watford, and on the Sutton Coldfield 
Branch in the Birmingham district, ordinary trains being no 
longer adequate to the enormously increased local traffic. 

The 5 ft. 6 in. four-wheeled coupled tank engines could not 
satisfactorily keep time with these new trains, as they were 
so much heavier than any hitherto used on local service, and 
Mr. Webb built six-wheeled coupled tank engines with 18 in. 
cylinders on precisely the same lines as the 18 in. goods 
engines. 

The frames are prolonged at the fire-box end, fitted with 
coal-bimkers and back tank, a small pair of trailing-wheels 
running in a radial box carrying the trailing end. 
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To give an idea of the wear and tear to which these 
engines are subjected, it may be mentioned, that in one 
day's work in the London district, an engine of this class, 
manned by two sets of men, runs 218 miles, starting and 
stopping 102 times. This feat the new tank engines 
successfully perform, and the heavy local trains which they 
work keep splendid time. 

The standard London and North-Westem Railway 
shunting engines are very handy engines for the purpose 
for which they were designed, and are capable of getting 
through a large quantity of work in a comparatively short 
space of time. They have six coupled cast-iron wheels 4 ft 
3 in. in diameter, and the feed-water is carried in a 
" saddle " tank on the top of the boiler. The cylinders are 
17 in. in diameter, and have a 24 in. stroke, whilst the 
boiler pressure is 140 lbs. per sq. in. The tank holds 600 
gallons, and the bunker 25 cwts. of coal. 

The following are other particulars — 



Length over buffc 
Weight— 

Leading-wheels 
Driving „ 
Trailing ,, 


;rs, 28 ft. 3 
Total 


in. 


TONS CWT. 
10 18 
12 
10 14 






33 


12 




Heating surface: 
ft., 1068-3. 


tubes, 981 


sq. 


ft. ; fire-box, 


87-3— total sq. 



The " side tank coal engine," designed for working heavy 
mineral trains in the colliery districts, where great weights 
have to be hauled, has six coupled cast-iron wheels 4 ft. 
3 in. in diameter ; the trailing end is carried on a pair of 
3 ft. 9 in. wheels, running in a radial axle-box under the 
coal bunker and rear tank. 
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The weight is thus distributed — 



Leading- wheels 


TONS CWT. 
II 5 


Driving-wheels 


12 


Intermediate coupled wheels 


10 6 


Trailing- wheels 


9 9 



Total ... 43 o 

Heating surface : tubes, 960*2 sq. ft. ; fire-box, 94*6— total 

sq. ft., 1054-8. 
Boiler pressure, 150 lbs. per square inch. 

The cylinders are 17 in. in diameter, with a stroke of 
24 in. 

Some of these engines are fitted with the vacuum brake, 
which renders them serviceable for working local passenger 
trains when required. 

The capacity of the tanks is 11 50 gallons. There are 
three separate tanks, one on each side and one at the 
bunker end. These are, of course, all connected together, 
and the same level of water maintained in each. 

Having dealt with the principal types of non-compound 
engines working on the line, we will now proceed, after 
a few preliminary remarks, to give illustrations of the 
standard London and North-Western compound engines. 

The compounding of locomotives has perhaps raised more 
discussion during recent years than any other question 
connected with this branch of engineering. The subject 
is a very wide one, and the arguments for and against the 
system have been very forcibly contended, with perhaps this 
general result, that the disputants on each side retain their 
previous opinions. 

The difference between a ** Simple " and a " Compound '* 
engine may be thus briefly staled : With the former, high- 
pressure cylinders only are employed, and the steam passes 
direct from the cylinder into the blast-pipe and thence into 
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the atmosphere. With the latter, high and low-pressure 
cylinders are used, aud the steam is exhausted from the 
high-pressure cylinder into another cylinder of larger 
diameter, where it again acts upon a piston and is further 
expanded before it is discharged through the blast-pipe. 

The man whose name is most associated with compound 
locomotives in this country, and indeed among railway men 
in all parts of the world, is Mr. Webb, and the principle of 
which he is so staunch an advocate was also upheld, 
although in a different form, by Mr. T. W. Worsdell, 
late locomotive superintendent of the North-Eastem 
Railway. 

It will therefore be recognized that " Compounds " have 
t^vo very powerful champions, both eminently practical men, 
and one of them an active and distinguished locomotive 
engineer of present times. 

Although but recently brought so prominently forward, the 
idea is not altogether a new one ; and so far back as the 
year 1860, John Nicholson, an engine-driver on the Eastern 
Counties Railway (now the Great Eastern), introduced a 
plan of continuous expansion to the notice of Mr. James 
Samuel, the then locomotive superintendent of the line. 

In the year 1852, Mr. Samuel applied the compound 
principle on Nicholson's system to a goods and a passenger 
locomotive, with results which he considered highly 
satisfactory, 

Mr. Samuel's compound engines had two cylinders with 
piston areas approximately as one to two. The steam 
from the small cylinder was not actually exhausted into the 
large one, but was by means of a valve allowed to pass 
from the small to the large cyhnder at a certain point of 
the stroke, and expansion went on in both cylinders at the 
same time. It should be understood that the steam was 
discharged from the steam-side of small cylinder piston into 
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the large cylinder, not from the exhaust side, as with 
modern compounds. 

Mr. Samuel's experiments in this direction do not seem 
to have been followed up, and until the year 1876 the 
question of tlie application of the compound principle to 
locomotive engines appears to have remained in abeyance. 

In the latter year, M. Mallet designed three compound 
engines, which were built by MM. Schneider & Co., of 
Creusot, for the Bayonne and Biarritz Railway. These 
engines, which had two outside cylinders, respectively 9^ 
and i5f in. in diameter, were brought into use in July 1876 
and did good work. 

In 1878 Mr. Webb converted one of the old single-wheel 
engines, built by Trevithick, into a compotmd on M, 
Mallet's system, and this engine worked some five years on 
the Ashby and Nuneaton branch of the London and North- 
western Railway. 

The results obtained were so encouraging that Mr. Webb 
was led to go more fully into the question of compounding 
modern locomotive engines ; and in the year 1881-2, he 
built at Crewe an engine on this principle of an entirely 
new and original type. 

Mr. Webb's idea in applying the compound principle 
was not only to economize fuel, but also to gain increased 
power and various other advantages, to which reference will 
presently be made. 

This engine (which was named the ** Experiment") had 
two outside high-pressure cylinders, 11^ in. in diameter, 
and one inside low-pressure cylinder 26 in. in diameter. 
The driving-wheels were 6 ft. 6 in. in diameter, and Joy's 
valve gear was used for the distribution of steam in the 
cylinders. 

Fig. 102 is a cross section showing the positions of the 
three cylinders. The high and low pressure engines work 
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independently of each other, the middle and trailing-wheels 
not being coupled together. By this means coupling-rods 
are dispensed with, and the engine has the same freedom 
of running as a single-wheel engine, combined with the 
same adhesion to the rails as a coupled engine. 

This system is now universally adopted in the Webb three- 
cylinder compounds, the high-pressure cylinders (HPC) 
driving the rear, or trailing-wheels, while the low-pressure 
cylinder (LPC) actuates the ordinary driving-wheels. The 
high-pressure valve-chests (HVC) are fixed below the 
cylinders, and the low-pressure valve-chest (LVC) in the 
smoke-box above the low-pressure cylinder. 



LVC 



HPO 



Fig. I02, 

The chief advantages claimed for the three cylinder 
compound engines are here enumerated — 

1. Greater power. 

2. Economy in consumption of fuel. 

3. The whole of the available power of the steam is used. 

4. A more even distribution of the strains upon the 
working parts, and larger bearing surfaces for the axles. 

5. The same freedom of running as with a single engine, 
with the same adhesion to the rails as a coupled engine. 

Clauses 3, 4, and 5 relate more to technical points 
in connection with the working of locomotives, but the 
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first two considerations are eminently practical, and are most 
important from a commercial point of view. With regard 
to No. I, the old adage that " the proof oC the pudding is 
in the eating," may be applied as a convincing argument, 
for the author is in a position to state that the most recent 
types of compound express passenger engines on the 
London and North-Westem Railway are at the present time 
working some of the heaviest and fastest express passenger 
trains in the world, and running them without assistance 
and without loss of time. 

In 1894, when the first edition of this book was published, 
one of these engines (No. 1309, "Adriatic"), stabled at 
Rugby, had for several years been running the most import- 
ant main line trains between London and Crewe, and the 
driver had never taken a "hooker-on" or ** pilot'* engine, 
except between Euston and Willesden, and yet not a 
minute of lost time had ever been recorded against this 
engine. 

The 7 ft. compound engine "Coptic," No. 1307, also 
stabled at Rugby, had at the time of writing run no less 
than 88,179 miles since it was last overhauled. 

With regard to the question of economy, it is a very 
difficult matter to get at a fair comparative statement of the 
performances of engines on different railway lines, because 
the construction of the engines and the conditions under 
which they work differ so widely and in so many respects. 

Mr. Webb has kindly allowed the author to embody in 
this work a paper on Compound Locomotives, read by Mr. 
Webb himself before the Institution of Civil Engineers, in 
June 1899. As this paper is a very valuable, concise, and 
complete history of the whole subject, it is, by kind per- 
mission of the editors of Engineerings here reprinted from 
the columns of that valuable paper — 
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Mr, WebVs paper on Compound Locomotives^ reprinted 
from ^Engineering,* 

"For many years the weight and speed of passenger 
trains had been continually on the increase, with the in- 
evitable result of a demand for more powerful and quicker- 
running locomotives to haul them. With the object of 
meeting these requirements, in 1878 the author turned his 
attention to the question of applying the compound system 
to the locomotive, and, as an experiment, converted one of 
the old engines belonging to the London and North- 
western Railway Company into a compound on the Mallet 
system, which he worked for about five years on the Ashby 
and Nuneaton branch. The results were so satisfactory 
that the author was led to give further attention to the 
subject, the outcome of which was that he designed an 
entirely new system of applying the compound principle to 
locomotives, which enabled him, through the disposition of 
the cylinders, to dispense with coupling-rods without losing 
the advantages due to their use. He was also able to 
increase the size of the axle-bearing and other wearing parts 
beyond what was possible in an ordinary locomotive with 
single frames. In carrying out his system the author used 
two high-pressure cylinders and one low-pressure cylinder, 
the former being placed outside the frames, and arranged to 
drive the back pair of wheels, and the latter was fixed 
between the frames and worked on to the front driving axle. 
The first engine constructed on this plan was built at Crewe 
Works in 188 1-2 and named * Experiment.' The high- 
pressure cylinders were iij in. in diameter and 24 in. stroke, 
and the low-pressure cylinder was 26 in. in diameter and 
24 in. stroke, the valve gear used being Joy's. The driving- 
wheels were 6 ft. 6 in. in diameter. This engine was put to 
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work on April 3, 1882, and the results obtained were so 
satisfactory that twenty-nine more engines of the same type 
were afterwards built, the high-pressure cylinders, however, 
being increased to 13 in. in diameter, the low-pressure 
remaining 26 in. in diameter as before. 

"The total mileage for this class of engine since April 
1882, up to February 28, 1899, was 15,093,758 miles, which 
gives an average of 33,387 miles per engine per annum, the 
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Fig. 103. 

average coal consumption, including i'2 lb. for lighting up 
and all coal used whilst engines were standing, being 34*2 
lbs. per mile per engine. As the requirements of the heavy 
traffic between Euston and Carlisle demanded still more 
powerful engines, the author in 1884 designed .and built 
the * Dreadnought,* the first of the class known by that 
name (see Fig. 103). In this class the high-pressure 
cylinders are 14 in. in diameter and 24 in. stroke, and 
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the low-pressure cylinder 30 in. in diameter and 24 in. 
stroke, the driving-wheels being 6 ft. 6 in. in diameter. 
The boiler pressure is 175 lbs. per square inch. Forty 
engines of this class are now running, the total mileage for 
which, up to February 28, 1899, was 18,681,936 miles, 
which gives an average of 37,206 miles per engine per 
annum, the average coal consumption, including i 2 lb. for 




Fig. 104. 



lighting up and all coal used whilst engines were standing, 
being 39*4 lbs. per mile per engine. 

" To meet the increasing speed of the trains the author in 
1889 built the 'Teutonic' class. This class is, in many 
respects, similar to the * Dreadnought ' class, the cylinders 
being the same size ; but the driving-wheels were increased 
to 7 ft. I in. in diameter. In these engines the author 
simplified the low-pressure valve gear by using a single 
eccentric instead of the Joy gear as heretofore. The 
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arrangement consisted of a single loose eccentric on the 
crank axle, which was free to turn on the axle into the 
correct positions for either * forward' or * backward' run- 
ning as required. The eccentric was connected to the 
low-pressure valve spindle by means of a rocking lever, and 
was driven by a pin projecting from the side of the crank 
cheek, and engaging with a slotted plate forming part of 
the eccentric. The high-pressure valves are worked by 




Fig. 105. 

Joy's gear. Ten engines of this class are running, one 
of which, the *Jeanie Deans' (see Fig. 104), was ex- 
hibited at the Edinburgh Exhibition in 1890, and since 
then has been employed in working the 2 p.m. corridor 
dining train, Euston to Crewe, returning with the 7^2 p.m. 
corridor dining train, Crewe to Euston. The total mileage of 
this class up to February 28, 1899, is 5,193,126 miles, or an 
average of 58,241 miles per annum per engine, with an 
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average coal consumption of 37*9 lbs. per mile ; this includes 
1*2 lb. of coal used for lighting-up purposes and all coal used 
whilst the engine was standing at stations. 

"In 1 89 1 the 'Greater Britain' class was built (see Fig. 
105), which the author specially designed for working 
the heavy and fast passenger traffic over the west coast 
route between Euston and Carlisle. The high-pressure 
cylinders are 15 in. in diameter and 24 in. stroke, and the 




Fig. 106. 

low-pressure cylinder is 30 in. in diameter and 24 in. stroke, 
the ordinary curved-link motion being used for the high- 
pressure valves and a loose eccentric for the low. In this 
class both pairs of driving-wheels (which are 7 ft. i in. in 
diameter) were placed in front of the fire-box in order to 
obtain a more effective distribution of the weight on the 
driving-wheels. This arrangement necessitated a long boiler 
barrel, which in this case is 18 ft. 6 in. long ; and the tubes, 
which are 2J in. in diameter outside, are divided into two 
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lengths by a combustion chamber placed about midway in 
the length of the barrel. This chamber is fitted with a 
steam-blast apparatus for cleaning the soot out of the tubes. 
On November 4, 1891, * Greater Britain* ran her trial trip 
from Crewe to London with a train of twenty-five empty 
coaches, at an average speed of 44J miles per hour. Nine 
more engines of this class were afterwards built, one of which, 
the * Queen-Empress ' (Fig. 106), was exhibited at the World's 




Fig. 107. 

Fair, Chicago, in 1893. The total distance run by this class 
of engine up to February 28, 1899, is 2,704,537 miles, or an 
average of 54,454 miles per engine per annum, the average 
coal consumption, including 1*2 lb. for lighting up and all 
coal used whilst standing at stations, being 38*7 lbs. per mile 
per engine. 

"It being thought desirable to increase the number of 
wagons in goods trains passing over the steeper gradients 
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on some portions of the line, in 1893 the author designed 
and built an eight-wheeled coupled compound goods engine, 
with wheels 4 ft. 3 in. in diameter (Fig. 107). In this engine 
he arranged the cylinders somewhat differently to those in 
his other compounds, placing them all in a line under the 
smoke -box, the high-pressure cylinders being outside, with 
their valve-chests inside the frames, and the low-pressure 
cylinder within the frames, all driving on the same axle, the 
second from the front. The high-pressure crank-pins were 
set at right angles to each other, the low-pressure cylinder 
being connected to a centre crank set at an angle of 1 35 
degrees with the high-pressure crank-pins. Eighty-one of these 
engines are now running, principally between Crewe and 
Leeds, Crewe and Carlisle, and Liverpool and Carlisle, and 
also on the South Wales district, and by their use a large 
number of * banking ' and assisting engines have been dis- 
pensed with and the number of trains reduced. The total 
mileage for these engines up to February 28, 1899, is 
3,628,727 miles, or an average of 28,331 miles per engine 
per annum ; the average coal consumption, including i -2 lb. 
for lighting up and all coal used whilst shunting or standing, 
being 53*4 lbs. per mile per engine. 

**In 1894 the author built the *John Hick' class, which 
was specially designed for working the heavy passenger trains 
over the steep inclines on the northern division of the North- 
western Railway. 

"These engines are in all respects similar to the * Greater 
Britain * class, except that the driving-wheels are only 6 ft. 
3 in. in diameter instead of 7 ft. i in. Ten of these engines 
have been built, and up to February 28, 1899, have run a 
total distance of 629,180 mil^, or an average of 48,868 
miles per engine per annum, with an average coal consump- 
tion, including 1*2 lb. for lighting up and all coal used whilst 
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the engines were standing at stations, of 44*8 lbs. per mile 
per engine. 

"The weight of passenger vehicles and the speed of trains 
being continually on the increase, it becomes necessary to 
provide still more powerful engines, and in 1 897 the author 
designed and built the * Black Prince' class ^ (see Fig. 108). 
These engines, unlike the other compounds previously built, 
have two high-pressure and two low-pressure cylinders, with 




Fig. 108. 

a boiler pressure of 200 lbs. per square inch. The former 
cyhnders are 15 in. in diameter and the latter 20 J in. in 
diameter, both having a stroke of 24 in. They are all placed 
in line, and drive on to one axle, this axle being coupled to 
the trailing-axle behind the fire-box. A feature of these 
engines is the method devised by the author for working the 
valves, two sets of valve gear^Dnly being required for working 

* These engines are generally known as the " Diamond Jubilee" 
class ; the first one was built and turned out of the shops at the time of 
the Diamond Jubilee celebrations in 1897. 

Q 
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the four valves. The valve gear used is Joy's, which is 
applied to the low-pressure cylinders in the usual way. The 
low-pressure valve-spindles are prolonged through the front 
of the valve-chests, and each spindle is coupled up to 
a lever of the first order, which is carried on a pivot 
securely fixed to the frame, the other end of the lever being 
connected to the high-pressure valve-spindle. Thus the 
high-pressure valves are worked from the low-pressure 
motion, through the intervention of the lever, which is so 
proportioned as to give the required travel to the high- 
pressure valve. 

"In this class the author has succeeded in obtaining ample 
bearing surfaces throughout the engine, the driving-axle 
having a central bearing in addition to the usual side bear- 
ings. The 'Black Prince* ran its first trip on August 2, 
1897, and on the following October it commenced running, 
on alternate days, the *up dining saloon express,' which 
left Crewe at 5.2 p.m., running through to Willesden, 152 J 
miles, without a stop, and returning to Crewe the same night 
with the * Scotch sleeping saloon express,' leaving Euston 
at 11.50 p.m. and running through to Crewe without a stop. 
Two of these engines are now running, and 18 more are in 
course of constructioi). The total mileage for the two 
engines since they were first turned out, and up to February 
28, 1899, is 190,324 miles, or an average of 57,820 miles 
per engine per annum ; the average coal consumption, 
including 1*2 lb. for lighting up and all coal used whilst 
standing under steam, being 40*3 lbs. per mile per engine. 

" As regards economy of fuel, from careful and exhaustive 
experiments made by the author, the saving due to com- 
pounding is about from 19 'to 20 per cent., and this is 
confirmed by observations made in the United States." 
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The *• Marchioness of Stafford," a 6 ft. compound engine, 
was exhibited at the Inventions Exhibition in 1885, and 
was awarded a gold medal. The following are some of 
the principal dimensions of this engine — 

Heating surface of fire-box ... ... 159*1 sq. ft. 

Heating surface of tubes ... ... 1242*4 „ 

Total ... 14015 „ 

Area of fire-grate, 20*5 sq. ft. 
Diameter of driving-wheels, 6 ft. 3 in. 
Diameter of leading-wheels, 3 ft. 9 in. 
Cylinders (high-pressure), 14 in. by 24 in. stroke. 
Da (low-pressure), 30 in. by 24 in. stroke. 
Steam pressure, 175 lbs. per sq. in. 

Weight of engine in working order- 
On leading- wheels 
On low-pressure driving-wheels 
On high-pressure driving-wheels 

Total 
Weight of tender (empty) ... ... 12 i 

Plate II. is a longitudinal section giving details of the 
various parts of a 7 ft. compound engine of the "Jeanie 
Deans " class. 

By comparing this plate with the index given on p. 228, 
the reader should be able to gain a fair idea of the design 
and structure of a London and N-^rth- Western Railway 
modern three-cylinder engine. 

Engine " Jeanie Deans " has recently been taken off the 
corridor trains, and the work is now being done by one of 
the four-cylinder compounds. During the ten years "Jeanie 
Deans " has been working these heavy trains, the cost of 
materials and wages for repairs has only been i •34^?'. per mile. 
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INDEX TO PLATE II. 



7 FT. COMPOUND ENGINE. 



BY 

OB 

KV 

W 

FD 

BH 

BB 

B 

D 

8 

TT 

H 

8P 



8D 

SH 



OE 

D 



LO 
LVO 



HPO 



SP 
HPE 



BV 



EV 



BP 

P 

sa 

Fsa 



OPB 

PB 

VBO 

DO 
00 
DOL 



Bailtr and Fittingt, 

Safety valves. 

Injector clack-box. 
,, steam valve. 

Whistle. 

Fire-door. 

Regulator valve handle. 
M «> rod. 

>i >) 

Steam dome. 

Longitudinal stay. 

Tubes. 

Man-hole. 

Steam-pipe which passes from 
the dome through smoke-box 
and between the frames to the 
high-pressure cylinders. 

Smoke-box. 
„ „ door. 
„ „ ,, handle. 

Chimney. 

Chimney extension piece. 

Damper rod. 
Cylinders and Connections. 

Low-pressure cylinder in section 
„ „ valve chest and 

valve. 

High-pressure cyUnder m eleva- 
tion. 

High-pressure steam-pipe. 
,, „ exhaust-pipe to 

low-pressure cylinder. 

Release valve on high-pressure 
exhaust-pipe, operated from 
foot-plate, to turn high-pressure 
exhaust into blast-pipe when 
starting. 

Relief-valve for low-pressure 
steam-chest, loaded to 8o lbs. 
per si^uare inch. 

Blast-pipe. 

Low-pressure piston. 
,, ,. „ stuffing-box 

and gland. 
Low-pressure guide-box and 
gland for front piston-rod, the 
object of which is to carry the 
weight of the piston and pre- 
vent friction on iow-pressure 
cylinder. 

Low-pressure piston guide-rod. 
„ ,, piston-rod. 
^, „ valve spindle stuff- 
ing-box gland. 
Low-pressure dummy gland. 
„ „ cylinder oil-cup. 
„ „ drain-cocks from 
cylinder and valve chest 



soa 

DOB 



HP 
IF 



Low and high-pressure valve and 
cylinder drain-cock gearing. 

Cylinder drain-cock gear-rod, 
operated from foot-plate. 

Frames. 
Main or outside frames. 
Inside frame. 



WkeeU, 
LW Leading. 
DW Low-pressure driving. 
TW High „ „ 



LS 
SS 



BA 
A 



CB 
BE 



Springs. 
Leading laminated springs. 
High and low-pressure driving- 
wheels, spiral springs. 

Axle-boxes. 
Radial axle-box. 
High-pressure axle-box. 

Connecting-rod. 
Low-pressure connecting-rod. 
„ ^ » ,. M big 

end. 



Vatve motions and reversing gear. 

EPVK High-pressure valve motion 
(Joy's gear). 

HPBS ,, „ ,, »i ""c- 

versing shaft. 

HPB High- pressure valve motion re- 
versing rod. 

LE Loose eccentric (low-pressure). 

£B „ „ rod, „ 

BS Rocking shaft. 

VL Low-pressure valve Imk. 

Brake gear, etc, 
E Large ejector. 

AP Air-pump. 
PO „ „ lubricator. 

SBO Steam brake cylinder. 
BO Brake gear, described in Fig. 

93" 
TBP Tender brake pull-rod. 
VP Vacuum pipes. 
HO Hose couphng. 

Injector, 
DT Injector. 
ISV „ steam valve. 

ISP „ ^ ., pip«. 

FP „ feed-pipe. 

Sundries. 
H8A Steam sanding arrangement. 
B Buffers. 

DB Draw-bar. 
FP Foot-plate. 
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PLATE II. 

Distance from rail to top of chimney ... 
,, „ ,, centre of boiler ... 
„ ,, ,, „ buffers^ 



13 14 
7 104 
3 4i 



Length of boiler barrel 


... ..r 


II 


p 


Diameter of boiler barrel (inside) 


... ... 


4 


I 


Thickness of boiler plates 


... •.. 




i 


Diameter of tubes (external) ... 


... 




li 


Number of tubes ... 


225 






Heating surface of tubes 


1242-42 sq. ft. 






), t, n fire-box ... 


159*10 „ 








1401-52 „ 




Grate area 


20s M 






CYLINDERS. 












FT. 


IN. 


High-pressure cylinders, centre to centre 


... ... 


6 


6 


,« „ t, diameter 


-.. ... 


I 


2 


„ „ „ stroke 


... ... 


2 





„ „ „ travel of valve 


... ... 




3i 


»* ft >» lap „ 


... ... 




i 


„ ,, „ lead „ 


... ... 




i 


Low-pressure cylinder, diameter 


... ... 


2 


6 


„ „ „ stroke 


... ... 


2 





„ „ „ travel of valve 


... ... 




5i 


)» 11 it lap ,t 


... 




I 


„ „ „ lead „ 


... 




i 


FRAMES. 









Distance between outside or main frame plates , 
Thickness of outside or main frame plates 
y, ,f inside frame plates 



IN. 

o 



1 This is the standard of all railway buffers from rail level 
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WHEELS. 

DIAMVTBR. 



Leading- wheels ... 
Low-pressure wheels 
High „ „ 



IK. T. C Q. 

I J with 3-inch tyres carrying 14 10 o 



15 
IS 



10 
10 



Total weight in working order 



45 10 o 



GENERAL. 



LBNGTH. 

,. 12 in. 



IN. 

8 



18 

6 
8 



DIAMBTBR. 

Radial journals ... ••• 6} in. 

Low and high-pressure journals 7 „ ••• I3i >» 

Wheel base, high-pressure to low-pressure journals 
„ low „ leading or radial journals 

Total wheel base . 
Length of low-pressure connectii^-rod, centre to centre 

»» »» 'llg" ft tt >» ty >» 

Diameter of air-pump 
Stroke of air-pump ••• 

SPRINGS. 

Leading springs, length 

„ „ thickness of plates 
,, „ width of plates 

Driving and trailing coiled springs — 

Length of outer spring ... 

Diameter of outer spring .. 

Number of coils, 9, of square steel 

Length of inner spring ... 

Diameter of inner spring ... 

Number of coils, 1 3 J, of square steel 
Outer spring coiled r^ht, and inner left hand. 

It may be here mentioned that Mr. Webb's compounds, 
although nominally single-framed engines, have practically a 
double framing for the low-pressure wheels; as two addi- 
tional inside frame-plates extend from the back of the low- 
pressure cylinder to the cross-stay at the front of the fire-box, 
and the low-pressure driving-axle boxes are fitted between 
the inside frame and the main frame of the engine. 



IN. 

8 
I 

4i 

9l 

4 

9l 
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This particular form of construction, combined with the 
single crank on the low-pressure axle, enables a veiy wide 
bearing surface to be used for the low-pressure axle, the 
journals being x ft. i^ in. long. The bearings of the rear 
driving axle are the same length, which is effected by ex- 
tending the axle-box guides across between the main frames. 
They thus form a double cross-stay, connecting and strength- 
ening the frames behind the fire-box. The leading end 
of the engine is supported on ordinary plate-springs above 
the radial axle-boxes, whereas the middle and trailing-wheels 
have each four spiral springs underneath the axle-boxes. 

The following is a more full description of the " Queen 
Empress '* type of engine mentioned in Mr. Webb's paper. 
One of its special features is the boiler, the barrel of which 
is divided into two lengths, each having a separate row of 
tubes with a combustion chamber between them. This has 
the effect of arresting the gases as they pass from the fire- 
box, thus securing more perfect combustion, and causing 
all the heat developed to be fully utilized for the generation 
of steam. The engine is mounted on eight wheels, the two 
pairs of driving-wheels, 7 fl. in diameter, being in front of 
the fire-box. The leading wheels under the smoke-box are 
fitted with radial axle-boxes, whilst the trailing-wheels under 
the foot-plate have ordinary axle-boxes, which are allowed 
one inch side play to further relieve the strain when travel- 
ling round curves. The total weight of the engine is 52 
tons, but this is so distributed that no one pair of wheels 
carries more than 15 tons 10 cwt. The following are the 
chief dimensions. 

Heating surface of fire-box ... I20*6 sq. ft. 

„ „ „ combustion chamber 39*1 ,, 

„ „ „ tubes (front) ... 853-0 „ 

)i ♦! », „ (back) ... 493-0 „ 



Total heating surface ... 1505*7 „ 



TONS 


CWT. 


QRS. 


II 


17 





i6 








i6 








8 


18 





52 


IS 





26 


12 
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Weight on leading- wheels ... 
,, „ low-pressure driving-wheels 
„ ,, high-pressure driving-wheels 
„ ,, trailing-wheels ... 

Total weight of engine in working order ... 
St tj a tender ), ,) ,, 

„ ,, ,, engine and tender ... 79 7 o 

The steam is distributed in the high-pressure cylinders by the link 
motion, the shifting eccentric being used for the low pressure. 

On June 8, 1899, engine "Iron Uuke," the four-cylinder 
compound, illustrated in the frontispiece, worked a special 
from Euston to Crewe and back with the members of the 
Institution of Civil Engineers. This is probably about the 
heaviest express passenger train ever worked by one engine, 
and the following particulars of the engine, train, and details 
of the run are of interest, as showing the work that a modern 
up-to-date compound express passenger engine is capable of 
performing. 

PARTICULARS OF FOUR-CYLINDER COMPOUND 
"IRON DUKE." 
Cylinders — 
2 High-pressure ... ... 15 in.diameter x 24 in. stroke. 

2 Low „ ... ... 20J in. „ X24in. „ 

Wheels — 
Driving and Trailing ... ... 7 ft. i in. diameter. 

Radial Truck ... ... ... 3 ft. 9 in. 

Wheel Base— 
Centre of Radial Truck to centre of 

Driving-wheels ... ... lo ft. 4} in. 

Centre of Driving-Wheels to centre 

of Trailing- Wheels ... ... 9 ft. 8 in. 

Total Wheel Base ... ... 23 ft. 2 in. 

Boiler — 
Mean diameter outside plates ... 4 ft. 2 J in. 
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Length of Barrel ... ... 10 ft. 1 1 J in. 

Length of Fire-box (outside) ... 6 ft. 10 In. 

Width of Fire-box „ ... 3 ft. 11 in. 

Number of Tubes ... ... 225. 

Diameter of Tubes (outside) ... ij in. 

Boiler Pressure... ... ... 200 lbs. per square inch. 

Heating Surface— 

Tubes... ... ... 1220*5 square feet. 

Fire-box ... ... I59'i » » 

Tot^l 1379-6 „ 

Fire Grate Area ... ... 20*5 square feet 

Weight of Engine in Working Order — 

T. C. Q. 

Weight on Radial Truck... ... 18 18 o 

„ Driving- Wheels ... 18 00 

„ Trailing „ ... 17 10 o 

Total Weight 54 8 o 

Weight of Tender in working order 26 12 o 

Total Weight of Engine and Tender 

in working order ... ... 81 



PARTICULARS OF TRAIN. 

Number of Vehicles in Train ... 14. 
Weight of Train, exclusive of Engine 

and Tender ... ... ... 329 tons 5 cwt. 

Weight of Train, including Engine 

and Tender ... ... ... 410 ,, 5 „ 

Weight of Train, including Engine 

and Tender and Passengers ... 420 „ 5 „ 
Total length of Train, including 

Engine and Tender ... ... 716 ft, 

Number of Axles in Train, including 

Engine and Tender ... ... 62. 

Ratio of weight of Engine and 

Tender to weight of Train ... i to 4*18. 
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PARTICULARS OF RUN, DOWN JOURNEY. 



Coal consumed on journey between 




Euston and Crewe 


3 tons 2 cwt. 


Consumption of Coal in lbs. per 




Mile on journey 


437. 


Total quantity of Water evaporated 




(in gallons) .. 


5,428-5. 


Lbs. of Water evaporated per lbs, of 




Coal 


7-8. 


Class of Coal used on Engine 


South Wales Coal 


Maximum pull on draw bar at starting 


475 tons. 


Maximum pull on draw bar whilst 




running 


5-25 „ 


Steepest Gradient 


I in 70. 


Maximum speed in Miles per Hour 


71. 


Average „ „ „ 


50. 


Total length of Trip 


IS9 miles. 



PARTICULARS OF RUN, UP JOURNEY. 



Coal consumed on journey between 




Crewe and Euston 


2 tons i6i cwt. 


Consumption of Coal in lbs. per 




Mile on journey 


39*6. 


Total quantity of .Water evaporated 




(in gallons) ... 


5,005-5. 


Lbs. of Water evaporated per lbs. of 




Coal 


7-94. 


Class of Coal used on Engine 


South Wales Coal. 


Maximum pull on draw bar at starting 


7 tons. 


Maximum pull on draw bar whilst 




running 


3i n 


Steepest Gradient 


I in 177. 


Maximum speed in Miles per Hour 


65. 


Average 


52-4. 


Total length of Trip 


159 miles. 



The following statement, taken from actual practice, 
gives an idea of the number of miles run by London and 
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North- Western Railway passenger engines between the times 
they are in the shops for general repairs — 



NO. OF 




ACTUAL 


AVBRAGB 


BMGINB. 




MILBAGB RUN. 




1309 


7' Compound 


!5»579 


87,379 


1307 


» ,» 


88,179 




2062 


6' Compound 


47,660 




2061 


t* it 


44.729 




513 


it >» 


45,246 




644 


>> >t 


42,296 


44,983 


1666 


4 w c 6' 6" 


56,164 




1525 


»i a 


55,116 




749 


i* a 


65,981 




861 


if >i 


59,09s 


X 


1672 


a >i 


55,503 




1514 


>» >» 


58,621 




2177 


» >> 


53,834 
55,181 




480 


» i» 


57,437 


838 


4 w c 5' 6" 


55,525 


55,525 



In order to give an idea of the engine stock possessed by 
a large railway company, the Table A (pp. 236, 237), which 
comprises a complete list of the different standard classes 
of London and North- Western Railway engines and the 
number of engines of each class, has been prepared. 

Another Table, B (pp. 238 — 240), gives the numbers 
and names of all the passenger engines owned by this 
company, on the 30th Nov., 1899. 

Table C gives interesting figures regarding the perform- 
ance of the " Greater Britain " type of engines. Table D 
gives some general statistics, locomotive and otherwise, 
with regard to the London and North-Western Railway 
Company, the greatest corporation in the world. The 
author is again indebted to Mr. Webb for the interesting 
information contained in these tables.. 
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TABLE B. 
PASSENGER ENGINES. 



NO. 


NAME. 


NO. 


NAMB. 


NO. 1 NAME. 




7' COMPOUNDS, 




6' 6" COMPOUNDS 




6' COMPOUNDS 




a WHEELS. 




{conttMued). 




(canfifiued). 


525 


Princess May 


3" 


Richard Francis 


515 


Niagara 


526 


Scottish Chief 




Roberts 


545 


Tamerlane 


527 


Henry Bessemer 


315 


Alaska 


637 


City of New York 


528 


Richard Moon 


321 


Servia 


638 


City of Paris 


767 


William Cawkwell 


323 


Britannic 


639 


City of London 


772 


Richard Trevithick 


333 


Germanic 


640 


City of Dublin 


2051 


George Findlay 


353 


Oregon 


641 


City of Lichfield 


2052 


Prince George 




Aurania 


643 


Raven 


2053 


Greater Britain 


36s 


America 


644 


Vesuvius 


2054 


Queen Empress 


366 


City of Chicago 


645 


Alchymist 




7' COMPOUNDS. 


37a 
374 


Empress 
Emperor 


647 
648 


Ambassador 
Sw iftsure 


I3OI 


Teutonic 


519 


Shooting Star 


659 


Rowland Hill 


1302 


Oceanic 


520 


Express 


685 


Himalaya 


1303 


Pacific 


1 102 


Cyclops 


1353 


City of Edinburgh 


1304 


Jeanie Deans 


1 104 


Sunbeam 


1370 


City of Glasgow 


1305 


Doric 


nil 


Messenger 


1379 


Stork 


1306 


Ionic 


1113 


Hecate 


1395 


Archimedcj 


1307 


Coptic 


1115 


Snake 


205s 


Dunrobin 


1309 


Adriatic 


1116 


Friar 


2056 


Argus 


I3II 


Celtic 


1117 


Penguin 


2057 


Euphrates 


I3I2 


Gaelic 


1x20 


Apollo 


2058 


Medusa 




7' COMPOUNDS, 8 




6' COMPOUNDS, 


2059 
2060 
2o5i 


Greyhound 
Vandal 

Herald 




WHEELS COUPLED. 




8 WHEELS. 


I9OI 


Jubilee 


20 


John Hick 


2062 


1902 


Black Prince 


150s 


Richard Arkwright 


2063 


Huskisson 


1903 


Iron Duke 


1512 


Henry Cort 


2064 


Autocrat 


1904 


Rob Rov 


1534 


William Froude 






I9OS 


Black Diamond 


1535 


Henry Maudslay 




7' 6" SINGLE 


1906 


Robin Hood 


1536 


Hugh Myddleton 




WHEEL. 


1907 


Black Watch 


1548 


John Penn 


I 


Saracen 


1908 


Royal George 


IS49 


John Rennie 
Thomas Savery 


7 


Scorpion 


1909 


Crusader 


1557 


28 


Prometheus 


I9IO 


Cavalier 


1559 


William Siemens 


33 


Erebus 


I9II 
I9I2 


Centurion 
Colossus 




6' COMPOUNDS. 


^ 


Harlequin 
Tantalus 


I9I3 


Canopus 


2 


City of Carlisle 


61 


Phosphorus 


I9I4 


Invincible 


173 


City of Manchester 


77 


Mersey 




6' 6" COMPOUNDS. 


410 


City of Liverpool 


97 


Atlanta 






437 


City of Chester 


iir 


Russell 


66 


Experiment 


503 


Dreadnought 


117 


Tiger 


300 


Comp)ound 


504 


Thunderer 


127 


Peel 


301 


Economist 


507 


Marchioness of 


134 


Owl 


302 


Velocipede 




Stafford 


139 


Cygnet 


303 


Hydra 


S08 


Titan 


16s 


Star 


30s 


Trentham 


509 


Ajax 


184 


Problem 


306 


Knowsley 


510 


Leviathan 


196 


Leander 


307 


Victor 


S" 


Achilles 


2i8 


WeUington 


310 


Sarmatian 


S13 


Mammoth 


222 


Lily 
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TABLE B {continued), 

PASSENGER ENGINES. 



NO. 


NAME. 


NO. 


NAME. 


NO. 


NAME. 




7' 6" SINGLE WHEEL 




6' 6" 4 W. C. 




6' 6" 4 W. C. 




(continued). 




{continued). 




(continued). 


229 


Watt 


264 


Buckland 


919 


Nasmjrth 


230 


Monarch 


265 


Thomas Carlyle 


941 


Blenkmsop 


234 


Mazeppa 


271 


Minotaur 


942 


Shah of Persia 


279 
291 


Stephenson 
Prince of Wales 


27s 
276 


Vulcan 
Pluto 


945 
955 


Humphry Davy 
Charies Dickens 


531 


Lady of the Lake 


295 


Penmaenmawr 


974 


Richard Cobden 


561 


Prince Oscar 


304 


Hector 


1020 


Wordsworth 


562 


Palmerston 


io8 


Booth 


1 105 


Hercules 


563 


Combermere 


364 


Henry Pease 


1132 


North-Western 


564 


Majestic 




Sedgwick 


1 141 


S. R. Graves 


565 


Napoleon 


380 


Quernmore 


1 170 


Greneral 


610 


Princess Royal 


381 


Patterdale 


"73 


The Auditor 


612 


Princess Alice 


382 


Buckingham 


1177 


Princess Louise 


618 


Princess Alexandra 


393 


Brougham 


1 183 


Plynlimmon 


622 


Prince Alfred 


394 


Eamont 


1 187 


Chandos 


665 


Lord of the Isles 


395 


Scotia 


1 189 


Stewart 


66? 


Marmion 




Tennyson 


1193 


Toshua Radcliffe 


^S 


Ivanhoe 


403 


Isabella 


1 194 


Miranda 


719 


Outram 


477 


Caractacus 


1211 


John Ramsbottom 


723 


Clive 


478 


Commodore 


1212 


Pjpneer 


754 


Ethelred 


480 


Duchess of 


1213 


The Queen 


762 


Locke 




Lancaster 


1214 


Prince Albert 


802 


Red Gauntlet 


482 


Pegasus 


1215 


Albion 


803 


Tornado 


S06 


Sir Alexander 


1216 


Premier 


8c4 


Soult 




Cockburn 


1217 


Florence 


806 


Waverley 
Havelock 


512 


Lazonby 


1218 


Phaeton 


8x8 


514 


Lawrence 


1219 


Lightning 


827 


Victoria 


517 


Marathon 


1220 


Belted Will 


833 


Clyde 


619 


Mabel 


1480 


Newton 


834 


Elgin 


696 


Director 


148 1 


The Duke of 


837 


Faerie Queen 


749 


Mercury 




Eldinburgh 


1427 


Edith 


787 


Clarendon 


1482 


Herschel 


1428 


Eleanor 


789 


Breadalbane 


1483 


Newcomen 


1429 


Alfred Paget 


790 


Hardwicke 


1484 


Telford 


1430 


Pandora 


857 


Prince Leopold 


1485 


Smeaton 


1431 


Psyche 


858 


Sir Salar Jung 


i486 


Dalton 


1432 


Panopea 


860 


Merrie Carlisle 


1487 


Faraday 


1433 


Daphne 


861 


Amazon 


1488 


Murdock 


1434 


Eunomia 


862 


Balmoral 


1489 


Brindley 


1435 


Fortuna 


863 


Meteor 


1513 


Shakespeare 


1436 


Egeria 


864 


Pilot 


1514 


Scott 




6' 6" 4 W. C. 


865 


Envoy 


1515 


Milton 




866 


Courier 


1516 


Byron 


193 


Rocket 


867 


Disraeli 


15^7 


Princess Helena 


253 


President Garfield 


868 


Condor 


1518 


Countess 


254 


President Lincoln 


869 


Llewellyn 


1519 


Duchess 


256 


President Washing- 


870 


Fairbairn 


1520 


Franklin 




ton 


871 


Proserpine 
Wizard 


1521 


Gladstone 


^S7 


Duke of Albany 


872 


1522 


Pitt 


960 


Duke of Connaught 


883 1 Phantom 


1523 


Marlborough 


262 


Wheatstone 


890 


! Sir Hardman Earl 


1524 


Wolfe 
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TABLE B (continued). 

PASSENGER ENGINES. 



KO. 


MAWK. 


«o. 


NAME. 


NO. 


NAME. 




6' 6" 4 W. C. 




6' 6" 4 w. c. 




6' 4" W. C. (New 




{continued). 




{continued). 




Type continued). 


1525 


Abercrombie 


2186 


Lowther 


735 


Charen 


1526 


Drake 


2187 


Penrith Beacon 


736 


Memnon 


1527 


Raleigh 


2188 


Chillington 


737 


Roberts 


1528 


Frobisher 


2189 


Avon 


738 


Terrier 


1529 


Cook 


2190 


Princess Beatrice 


739 


Sutherland 


1530 


Columbus 


2I9I 


Snowden 


742 


Spitfire 


I53I 


Cromwell 


2192 


Caradoc 


746 


Castor 




Hampden 


2193 


Salopian 


748 


Waterloo 


1666 


Ariadne 


2194 


Cambrian 


752 


Glowworm 


1667 


Corunna 




6' 4" w. c. 
(New Type). 


757 


Banshee 


1668 
1669 


Dagmar 
Ilion 




763 


Hard man 
Violet 


1670 


Ganymede 


35 


Talisman 


764 


Shap 


167I 


Shamrock 




Thalaba 


773 


Centaur 


1672 


Talavera 


81 


Greystoke 


792 


Theorem 


1673 


Lucknow 


90 


Luck of Edenhall 


793 


Martin 


1674 


Delhi 


124 


Marquis Douro 


794 


Woodlark 


1675 


Vimiera 


209 


Petrel 


795 


Falstaff 


1676 


The Nile 


231 


Firefly 


805 


Caliban 


1677 


Bad a j OS 


263 


Pheasant 


814 


Henrietta 


1678 


Airey 


285 


Phalaris 


817 


Constance 


1679 


Bunsen 


401 


Zeno 


819 


Puck 


1680 


Livingstone 


404 


Zopyrus 


821 


Diomed 


1681 


Minerva 


414 


Prospero 


824 


Adelaide 


1682 


Novelty 


418 


Zygia 


828 


Tubal 


1683 


Sisyphus 


419 


Zillah 


829 


Turk 


1684 


Speke 


424 


Sirius 


830 


Trent 


1685 


Gladiator 


434 


St. Patrick 


832 


Sanspariel 


1744 


Magdala 


444 


Typhon 


852 


Kestrel 


174 s 


John Bright 


445 


Ixion 


885 


Vampire 


1746 


Bevere 


446 


Siren 


901 


Hero 


1747 


John Mayall 


468 


Wildfire 


902 


Onyx 


1748 


Britannia 


469 


St. George 


934 


North Star 


1749 


Hibemia 


479 


Mastadon 


935 


Planet 


2001 


Henry Crosfield 


485 


Euxine 


995 


Medea 


2002 


Madge 


486 


Skiddaw 


1045 


Whitworth 


2003 


Alecto 


487 


johnO'Groat 


1 162 


Saddleback 


2004 


Witch 


604 


Narcissus 


1 163 


John O'Gaunt 


2005 


Lynx 


609 


The Eari of Chester 


1 164 


Odin 


2006 


Princess 


628 


T;ir tarns 


1166 


Wyre 


2175 


Precedent 


631 


Hotspur 


1 168 


Cuckoo 


2176 


Robert Benson 


632 


Ostrich 


2150 


Atlas 


2177 


Edward Toolal 


633 


Samson 


2151 


Baltic 


2178 


Pluck 


634 


Ellesmere 


2152 


Sybil 


2179 


Patience 


635 


Zamiel 


2153 


Isis 


2180 


Perseverance 


636 


Eclipse 


2154 


Loadstone 


2181 


Buffalo 


642 


Bee 


2155 


Liver 


2182 


Giraffe 


724 


Eden 


2156 


Sphinx 


2183 


Antelope 


731 


Croxteth 


2157 


Unicom 


2184 


Reynard 


732 


Hecla 


2158 


Sister Dora 


2185 


Alma 


733 


Chimera 


2159 


Shark 
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TABLE D. 
LONDON AND NORTH-WESTERN RAILWAY. 



Capital 

Revenue, per annum 

Expenditurei per annum 

Number of Persons employed by Company 

„ „ „ in Locomotive Dept. 

Miles operated on 

Engines owned 

Carriages „ 

Wagons ,, 

Carts „ 

Horses „ 

Steam Ships owned 

Passengers carried annually 

Weight of Tickets issued annually 

(which if placed end to end would in ten 
make a belt round the world i J in. in width) 

Tons of Goods and Minerals carried annually 



;fi 1 7,000,000 

;f 13, 140,000 

;^7,S7o,ooo 

78,000 

21,100 

2,900 

2,900 

8,700 

67,100 

4,700 

4,600 

16 

82,000,000 

60 tons 



years 



Number of Stations 

„ Signal Cabins 

„ Signal Levers in use 

„ Signal Lamps lighted every night 

„ Accounts opened last year at Crewe for 

Special Orders for various Departments 
Annual Value of work done at Crewe for various 

Departments 



42,000,000 

800 

1,500 

35»2oo 

17,000 

10,000 

;f 784, 000 





MILEAGE 
OF 

ENGINES. 


FUEL 

CONSUMED 

BY 

ENGINES. 


WATER 

USED 

BY 

ENGINES. 


NUMBER OF SPECIAL 
TRAINS RUN. 




Passenger. 


Goods, etc. 


Per Annum... 


71,655,268 


Tons. 

1,387,225 


Tons. 

10,334,826 


79,000 


249,000 


„ Day ... 


196,316 


3,801 


28,315 






„ Hour ... 


8,180 


158 


1,180 






„ Minute... 


136 


2T. 13c. 


20 






„ Second... 


2i 


99 lbs. 


747 lbs. 







Lbs. of Water evaporated per lb. of Coal consumed . . 7*45. 
Engine performance equal to a journey round the world every 3 hours. 

,, ,, journey to the Moon in 29 hours. 

,, ,, journey to the Sun in about 15 months. 

Crewe Engine Works occupy 116 acres of ground, the covered area 
being 36 acres. 
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CHAPTER XIII. 

VARIOUS MODERN LOCOMOTIVES. 

Taking the other large railway companies in alphabetical 
order we now come to 

T?u Great Central Railway}- 

This railway, till recently known as the ** Manchester, 
Sheffield and Lincoln,'* has lately come into prominence by 
establishing a new grand trunk line between the north and 
south of England. 

This line previously formed a very important connection 
with the Great Northern Railway at Retford, and it was 
over its permanent way that these Companies ran their 
competing trains between London and Manchester; the 
Manchester, Sheffield, and Lincolnshire engines working 
the trains between Manchester and Grantham, and the Great 
Northern engines between Grantham and London, The 
gradients on the Manchester, Sheffield, and Lincolnshire 
line are exceptionally heavy, and in the first 22 miles on the 
up journey from Manchester, vary from i in 97 to i in 200. 
There are also some very heavy gradients after leaving 
Sheffield on the down journey. But now the Great Central 
Railway Company works its own trains through from the 

^ The Great Central Railway Co.'s new main line to London was 
opened for passenger traffic on March 15, 1899. 



244 



BRITISH LOCOMOTIVES. 



Manchester and Sheffield district to London on its own 
main hne. The opening of this, the only main line con- 
structed in the country within recent years, has aroused 
great interest in the railway world generally. 

Making a completely fresh start, on what amounts to 
virgin soil, instead of having to extend and patch on to 
existing lines, sidings and buildings, this Company has been 
able to build and equip a railway with everything absolutely 




Fig. 109. 

new and up-to-date. Of this opportunity they have taken 
every advantage. The railway itself, the stations, the 
permanent way, the signals, the block system, the electrical 
work, and last, but not least, the rolling stock and engines, 
are all excellent examples of modern British engineering 
enterprise and workmanship. 

One of the latest bogie express passenger engines, built by 
Mr. Pollitt for working the new main Hne trains, is illustrated 
in Fig. 109, and the following are details of its construction. 
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Weights, Dimensions, etc. 


FT. IN. 


Cylinders — diameter 


i8i 


„ stroke ... 


26 


Wheels— bogie— diameter ... 


3 6 


„ driving „ 


7 


„ trailing ,, 


7 


Boiler plates (mild steel) 




Fire-box shell plates (mild steel) 




Inside fire-box (copper) 




Stays inside fire-box (copper) 




Heating surface in fire-box . . . 


... 109 sq. ft. 


Tubes — heating surface 


12^ „ » 




Total ...1318,, „ 






Grate area 


... 20 „ „ 


Si earn pressure in boiler 


170 lbs. per sq. inch 


Tender — diameter of wheels ... 


... 4 ft. 3 in. 


total wheel base 


13 » „ 


Weight- 


TONS CWT. QRS. LBS. 


Engine— bogie-wheels 


IS 3 


,, driving-wheels 


16 8 


,, trailing- wheels 


15 5 




46 16 00 


Tender ... 


42 


Total weight of engine and tender 


88 16 


Water capacity of tender 


4000 gallons 


Coal „ „ ,, 


5 tons 



Total length of engine and tender over biifTers 53 ft. loj in. 

One of the Great Central standard goods engines is 
illustrated in Fig. 110. The following are details — 



Cy linders — diameter 
„ stroke ... 


FT. 


IM. 

i8j 
26 


Wheels — leading — diameter 

driving „ 

„ trailing „ 
Boiler plates (mild steel) 
Fire-box shell plates (mild steel) 
Inside fire-box (copper) 


5 
5 
5 


I 
I 
I 
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Stays inside fire-box (copper) 
Heating surface in fi re-box . . , 
Tubes — heating surface 



Grate Area 

Steam pressure in boiler 
Tender — diameter of wheels 
total wheel base .. 



Totnl 



,.. 99 sq. ft. 
" "79 »» »i 
.. 1278 „ „ 



18-85 „ „ 

... 170 lbs. per sq. inch 
... 4 ft. 3 in. 

13 »» O M 




Fig. 1 10. 

Weight- 
Engine — leading-wheels 

„ driving-wheels 

„ trailing-wheels 

Tender ... 

Total weight of engine and tender 

Water capacity of tender 
Coal 



TONS CWT. 


QRS. 


LBS. 


14 


14 








IS 


8 








13 


8 








43 


10 








41 


10 








«5 








6 




^cxx) gallons 


., 




5 tons 



Total length of engine and tender over buffers 51 ft. o in. 



VARIOUS MODERN LOCOMOTIVES. 



247 



One of the recent Manchester, Sheffield, and Lincolnshire 
engines, constructed at the Company's works at Gorton, 
from the design of Mr. Thomas Parker, the late locomotive 
superintendent, is shown in Fig. in. 

As will be seen, the driving and trailing-wheels are coupled, 
and the leading end of the engine is carried on a bogie. 




Fig. III. 
Principal particulars — 

Diameter of coupled wheels 

Diameter of cylinder 

Length of stroke 

Total heating surface, 1 1 28 sq. ft. 



FT. IN. 

... 6 9 

o 18 

o 26 

Grate area, 18 '85. 



Weight on bogie 
Weight on driving-wheels 
Weight on trailing-wheels 

Total 

Total weight of engine and tender in working 
order 



TONS CWT. 

13 19 

i6 10 

IS II 

46 o 

81 o 
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The Great Eastern Railway. 

This Company^s most recent type of four wheels coupled 
express passenger engine, designed by Mr. Holden, the 
locomotive superintendent, is shown in Fig 112, and it is 
an interesting engine, because it is the first passenger engine 
in this country to which the principle of burning liquid fuel 
has been permanently applied. 




Fig. 112. 



As will be seen from the illustration, the driving and trail- 
ing-wheels are coupled, the weight in front being supported 
on a single pair of wheels. 

The following are the principal dimensions — 



Diameter of driving and trailing-wheels 

„ leading- wheels 

,, cylinders 

Length of stroke 
Heating surface, 1230*6 sq. ft. 
Grate area, 17*9 sq. ft. 
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Weight of engine in working order 
tender 



Total 



TONS CWT. QRS, 

42 o o 

32 5 3 

74 5 3 



The liquid fuel is carried on the tender in a tank, the 
capacity of which is 500 gallons, and some details of the 
apparatus for consuming it are given in chap, xviii. Mr. 
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Fig. 113. 



Holden's experiments in the burning of liquid fuel have 
been very successful, and the results he has obtained doubt- 
less mark an epoch in locomotive history. The engine 
** Petrolea " is doing its work very well, and is taking some 
of the heaviest and most important trains on the Great 
Eastern Railway. 

The engine illustrated in Fig. 113 was designed by Mr. 
Holden for working the excursion traffic to seaside places in 
the summer, and for fast cattle and fish trains in the winter- 
time. It has cylinders lyj in, in diameter with a stroke of 
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24 in., and 5 ft 8 in. coupled wheels. The engine is fitted 
with the Westinghouse brake, and also with an ejector and 
vacuum pipes for working the automatic vacuum brake when 
attached to other companies' trains. The two cylinders are 
cast in one piece with the valve-chests below them. The 
valve motion has the ordinary shifting link, and the cross- 
heads work on heavy single guide bars. The boiler is of 
steel, butt-jointed. The leading end is carried on one pair of 
wheels, 4 ft. in diameter, the journals of which run in two 
outside and two inside axle-boxes, so constructed as to allow 
considerable lateral play. 

The following is the heating surface — 

Tubes 
Fire-box 

Total 
Grate area 



1107-4 sq. ft. 
1009 „ 




1208-3 sq. ft. 
18 „ 




TONS CWT. 

.14 2 
13 13 
12 10 


QRS. 
3 


I 



The weight is thus distributed — 

Leading-wheels 

Driving „ 

Trailing „ ... ... 

Total ... 40 6 o 

Mr. Holden has also constructed at Stratford a very 
useful class of six wheels coupled, tank engine, for running 
local goods and passenger service, which is illustrated in 
Fig. 114. This engine has inside cylinders, 16 J in. by 22 in., 
and driving-wheels 4 ft. in diameter. The heating surface is 
959*24 sq. ft, and the grate area 12-4 sq. ft. Its total 
weight in working order is 40 tons. 

The goods engines on the Great Eastern Railway are of 
the usual six wheels coupled type. The wheels are 4 ft. 
II in, in diameter, and the cylinders 17 J in. by 24 in. The 
weight of the engine in working order is 38 tons 4 cwt. 
2 qrs., and the tender 30 tons 12 cwt. 2 qrs. 
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The Great Eastern single-wheeled express engines have 
the following dimensions — 

Driving-wheels, diameter 7 ft. 
Leading and trailing-wheels, diameter 4 ft. 
Cylinders, diameter, 18 in. ; stroke 24 in. 
Heating surface, 1230*46 sq. ft. 
Grate area, 17*9 sq. fu 




Fig. 114. 



TONS 


CWTS. 


QRS. 


40 


3 


2 


32 


7 






We^ht of engine in working order 
„ tender „ „ 



The boilers, cylinders, motion, etc., of this engine are 
identical with those of the four coupled express engines, the 
mixed traffic engines, the six wheels coupled engines, and 
also a new main line passenger tank engine, now being 
built at Stratford. In this way the interchangeability of 
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parts, which effects so great an economy both in first cost 
and in subsequent repairs, is ensured. 

We conclude our set of illustrations of Great Eastern 
engines with Fig. 115, which represents the latest type of 
engine built at Stratford. 

It has 7 ft. single driving-wheels, with cylinders 18 
in. X 26 in., and is "oil fired" on Holden's system. 
Mr. Holden makes the following remarks with regard to 




Fig. 115. 

the work now being done by his newest express passenger 
engine — 

"These engines were built last year, 1898, for fast 
passenger service between London and the Eastern coast, 
more particularly Cromer, to which place we have a special 
express running, leaving Liverpool Street at 1.30 p.m., and 
arriving at Cromer at 4.25 p.m., — 138 miles with one stop 
only, at North Walsham, 131 miles. On this run, and the 
corresponding up train leaving Cromer at i.o p.m., these 
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engines have given very satisfactory results, the run of 
131 miles being performed in 162 minutes with loads of 
15 and 16 carriages. The tender carries a supply of 710 
gallons of oil fuel, besides having a bunker space for one 
ton of coal. It has a water capacity of 3000 gallons, and 
is fitted with a scoop for taking water from the track troughs 
while running.*' 




Fig. 116. 



Great Northern Railway, 

Our next illustration, Fig. 116, shows the most recent 
passenger engine built by Mr. A. H. Ivatt for the Great 
Northern express work. 

The following excerpt from the Railway Magazine of 
December 1898 gives a very graphic description of the 
engine and of the work which it is called upon to perform. 

" This engine was built at the Company's works at Don- 
caster from the designs of Mr. Ivatt, locomotive engineer, in 
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the early part of the present year, and may be regarded as an 
advance in the direction of dealing with the problem of how 
to pull heavy trains at high speed. That the problem is not 
an easy one is admitted by those who know most about it. 

" Bigger trains require larger engines, but the height and 
width to which the engine may extend is limited by bridges, 
platforms, etc., so that increased length is the only direction 
in which there is room for expansion. 

" Here, again, increased size is limited by the provision 
necessary for getting round curves, and also by the average 
strength of the fireman's arms. A fire-box so long that it 
cannot be properly fired is manifestly out of the question. 
As will be seen from our plate, the engine has ten wheels 
and is four-coupled, with both coupled wheels under the 
boiler, a pair of carrying wheels under the fire-box, and a 
leading bogie. 

.** This arrangement admits of a large fire-box and short 
coupling rods, and with outside cylinders a long connecting 
rod is necessary, which is an advantage. The chief feature 
about the engine is the size of the boiler, which is large for 
English practice, particularly as regards the fire-box. The 
boiler barrel is 56 in. in diameter and 14 ft. 8 in. long ; 
the fire-box is 8 ft. long outside, and lias a grate area of 
26f sq. ft.; the tubes are 13 ft. long by 2 in. diameter; 
and the total heating surface is 1442 sq. ft. : — ue, 140 ft. 
in the fire-box and 1302 ft. in the tubes. 

** A much larger nominal heating surface could have been 
obtained by using smaller tubes and crowding them close 
together, but this was not considered desirable. The 
working pressure is 175 lbs. per square inch, and the engine 
makes steam freely with a 5J in. blast orifice. The front 
tube plate is set back in the boiler barrel, so that the smoke- 
box is larger than appears from the outside. The leading 
dimensions of the engine are as follows — 
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"Cylinders (outside), 19 in. by 24 in.; coupled wheels, 
6 ft. 6 in. ; bogie and trailing-wheels, 3 ft. 6 in. ; wheel base, 
26 ft. 4 in.; rigid wheel base, 6 ft. 10 in.; length of 
connecting rods (i section), 10 ft. ; coupling rods, 6 ft. 
10 in.; centres. The weight in working order is as follows — 
On the bogie, 15 tons; front coupled wheels, 15 tons; 
driving-wheels, 16 tons; trailing-wheels, 12 tons; total 58 
tons. The adhesion weight is 31 tons, but there is no 
excessive weight on any one pair of wheels ; the distribution 
of the weight and the balancing of the engine have received 
careful attention, making it very easy on the road, and 
though no attempt has been made to push the engine to its 
highest speed, the running is found to be remarkably steady 
at 70 miles an hour. The engine has been in service since 
the early part of the summer and has performed some very 
satisfactory work with heavy express trains. The following 
account of a ride behind No. 990 is condensed from an 
article that appeared in the Engineer from the pen of 
Mr. Rous Marten — 

" 'Starling from King's Cross with a load of 2 14 tons behind 
the tender, No. 990 easily mounted the bank of i in 105, 
and by the time Hornsey was reached was running at 62 
miles an hour. Ascending the long stretch of i in 200 to 
Potter's Bar, the speed never went below 47 miles an hour. 
A speed of 70 miles an hour was attained descending the 
slope of I in 200 after Hitchin. On the four miles of 
unbroken dead level near Tempsford a rate of 62 miles an 
hour was steadily maintained, and a distance of exactly 56J 
miles was covered in the first hour from the start. Ascend- 
ing the Abbott's Ripon bank of i in 200, the speed never 
fell below 54*8 miles per hour, and for a short distance, 
while running down the grade towards Holme, it rose to a 
fraction over 73, this being the maximum reached. Speed 
had to be reduced for " relaying," which caused the ascent 
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of the Stoke bank to be commenced quite slow. Neverthe- 
less, the power of the engine enabled this drawback to be 
quickly surmounted, the engine still running at very nearly 
60 miles an hour on the up grade. The 100 miles was 
covered in io8| minutes. Then came the final downhill run 
to Grantham, and the train was brought to a dead stand by 
signals just outside the station in i hour 53 minutes 
58 seconds from the start, the distance being just over 105 
miles. This with a load of 214 tons, and without any 
specially high downhill speed, will I think be recognized as 
a very good performance.' " 

A type of express passenger engine which never fails 
to excite universal interest and admiration, is the late Mr. 
Patrick Stirling's outside cylinder express passenger engine 
with 8 ft. single driving-wheels. 

Mr. Stirling first commenced building engines of this type 
about 25 years ago, and excepting certain trivial alterations 
in the design of various parts, no important change has been 
made; and they are still making the magnificent express 
runs for which the Great Northern Railway is so justly 
celebrated. 

These engines were expressly devised to run at exception 
ally high speeds, and are still enabling the Great Northern 
Railway to hold its own in the matter of speed with any 
other railway company in the world, while continuing to 
adhere to what must now be called an old-fashioned design 
of locomotive. 

The important relation which the speed and weight of a 
train bear to each other is not usually understood by the 
ordinary travelling public. The fact of a locomotive being 
capable of running at the speed attained by any trains of 
the present day was demonstrated many years ago, and the 
aim of locomotive superintendents has not been to increase 
that speed, but to build engines capable of maintaining the 
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same standard, notwithstanding the enormously increased 
weight of trains. 

Although perhaps they can hardly be expected to grapple 
with what is considered a really heavy load in these days, the 
Great Northern single-wheeled engines are still doing excellent 
service on the main line trains, and performing, even at the 
present time, some of the fastest runs that are being done in 
the world. Only lately an average speed of upwards of 77 
miles per hour was recorded over a distance of 1 2 miles with 
the 2 p.m. express from Manchester to London. Some ex- 
ceptionally high speeds were attained during the famous East 
and West Coast races in August 1888 and August 1895 ; but 
although the public were at that time much impressed by the 
extraordinary speed at which the trains on both the competing 
lines ran, it must be borne in mind that to run a light train of 
five or six coaches at an average speed of from 55 to 60 or even 
65 miles an hour, is not nearly such a hard task for a loco- 
motive as to run a heavy train of 15 or 16 main line coaches at 
from 45 to 50 miles an hour. All honour is due to the single- 
wheeled engines, which still find themselves able to cope with 
the Great Northern express trains of the present day ; but it is 
but fair to remember that the locomotives running on this line 
have the advantage over their competitors in the Scotch traffic, 
as far as gradients and weight of trains are concerned. 

An example of a Great Northern 8 ft. passenger engine 
is given in Fig. 117, and the following are its principal 
dimensions — 



Diameter of cylinders ... 


FT. 



IN. 
18 


Length of stroke 





28 


Wheels, bogie, diameter 


3 


10 


„ driving „ 


8 





„ trailing „ 


4 


6 


Heating surface : tubes (174), 936 sq. ft. 


5 




fire-box, 109— total sq. ft., 1045. 






Grate area, 17I sq. ft. 
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Weight in working order — 

Bogie 

Driving-wheels 
Trailing „ ... 

Total ... 



TONS 


CWT. 


17 


II 


17 





10 


12 



45 



The engine is extremely simple in design, everything being 




Fig. 117. 

well-proportioned, and there is not one superfluous part to 
cause any extra complications. 

Mr. Stirling*s 4 wheels coupled inside cylinder engines with 
5 ft. 6 in. driving-wheels, coupled in front (the trailing end 
being carried on one pair of wheels) are powerful, useful 
engines, capable of working both goods and passenger 
trains. 

The following are the principal dimensions of this class of 
engine — 
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Diameter of cylinders ,„ 


FT. 



IN. 

i8i 


Length of stroke 





26 


Wheels, leading, diameter 


5 


6 


„ driving „ 


5 


6 


„ trailing „ 


. 4 





Heating surface: tubes, 823*6 sq. ft. ; fire- 






box, 92-4 sq. ft.— total sq. ft., 9i6-a 






Grate area, 16^ sq. ft 






it in working order — 








TONS 


CWT. 


Leading- wheels 


12 


16 


Driving ,, ... 


14 





Trailing „ ..: 


8 


6 



Total ... 35 2 
Total weight of tender loaded, 34 tons, 18 cwt., 3 qrs. 
Capacity of tank, 2800 gallons. 

The following is a list of the other principal classes of 
engines on the Great Northern Railway — 

7 ft. 6 in. single driving wheels express passenger 

engine, cylinders 18 in. by 26 in. 
Goods engine, 6 wheels coupled, 5 ft. in diameter, 

cylinders 17 J in. by 26 in. 
4-wheels 6 ft. 6 in. coupled passenger engine, driving 
and trailing-wheels coupled. Cylinders 17 J in. by 
26 in. 
4 coupled bogie, side tank, 5 ft. 6 in. wheels, leading 
and driving-wheels coupled, with bunker carried on 
bogie. 
The Great Northern Railway Company possess altogether 
1151 locomotives. 
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Great Western Railway, 

Mr. W. Dean, the locomotive superintendent of the Great 
Western Line, has designed and constructed at the 
Company's works at Swindon some very fine engines for 
working the express passenger service to the West of England. 
The abolition of the broad gauge has necessitated putting 
on the line a number of new narrow gauge engines, and the 
long-established fame of the " Flying Dutchman " is not 




Fig. ii8. 

likely to suffer in consequence of the change. Fig. 1 18 illus- 
trates Mr. Dean's latest creation, which looks as if it ought 
to be able to haul anything from a heavy express at high 
speed to a coal train. Not only does the construction of 
the engine, as will be seen from the following particulars, 
give it great possibilities in the way of speed, but also the 
weight on the 6 ft. 8 in. coupled driving-wheels and size of 
the cylinders give great power and grip on the rails, when 
starting a heavy load from a state of rest. 
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Cylinders—diam. 18 in., stroke 26 in. Steam ports I ft. 4 in. by 

if in. Exhaust 16 in. by 3 in. 
Boiler— Barrel 11 ft. o in., diam. outside 4 ft. 6 in. and 4 ft. 7 in. 
Fire-box— Outside 7 ft. o in. by 4 ft. o in. Inside 6 ft. 3^^ in. by 4 

ft. 5 J in. and 3 ft. 3J in. Height 5 ft. i ii»ff in. and 4 ft. 1 1^ in. 
Tubes— No. 290. Diam. if in., length n ft. 3I in. 
Heating surface— Tubes 1395*62 sq. ft. Fire-box 124-41 sq. ft. 

Total 1520*03 sq. ft. 
Area of Fire-grate— 23*65 sq. ft. 

Wheels— Bogie 4 ft. ij in., driving 6 ft. 8 in., trailing 6 ft. 8 in. 
Water capacity of tender — 3000 gallons. 
Working pressure — 180 lbs. 
Total weight of engine and tender, 85 tons. 

In his most recent type of single wheels express passenger 
engine Mr. Dean goes in for cylinders 20 in. in diameter 
and 7 ft. 8 in. driving-wheels. The length of the stroke is 
24 inches, and the weight on the driving-wheels 19 tons. 
The boiler develops a pressure of 160 lbs. to the square 
inch, and this engine is both capable of working heavy 
trains and of running at a high speed. 

Fig. 119 is an illustration of an engine of this class, from 
which it will be seen that Mr. Dean has reverted to the 
system adopted by McConnell and other earlier locomotive 
engineers, of constructing the fire-box shell of larger vertical 
diameter than the barrel of the boiler. The latter is tele- 
scopic, with a mean internal diameter of 4 ft. ly^th in. The 
tubes are of iron, ground at the ends to ensure a good 
bearing surface in the holes of the tube-plates. At the 
fire-box end they are expanded, beaded over, and further 
secured by ferrules. 

Chief particulars — 

Length of boiler between tube plates, 1 1 ft. 9J in. 

Number of tubes, 249. 

Diameter of tubes (outside), i| in. 

Heating surface: tubes, 1342*85 sq. ft. ; fire-box, 123*88 sq. ft. 

— total sq. ft., 1466*73. 
Area of fire-grate, 20*8 sq. ft. 
Length of wheel base, 18 ft. 6 in. 
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Weight of engine in working order — 

Leading-wheels 
Driving „ . 
Trailing „ .. 

Total ... 

Weight of tender (full) with 50 cwt. coal ... 

Total weight of engine and tender in working 
order 



TONS CWT. 

13 4 

19 o 

II 18 

44 2 

32 o 

76 2 




Fig. 119. 

The tender runs on six wheels, and has a coal capacity of 
four tons, and the tank holds 3000 gallons of water. 

The line from Paddington to Swindon rises 260 ft, but on 
the whole the Great Western main line as far as Bristol is 
exceptionally favoured in the matter of gradients, and the 
new single-wheeled engines are in every respect admirably 
fitted for the work which they have to perform. 
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Fig. 120 illustrates another form of Great Western coupled 
engine employed on parts of the line where steep gradients 
and heavy trains are to be contended with. 

Chief dimensions — 



Diameter of leading- wheels 
„ driving „ 

„ trailing „ 

Diameter of cylinders... 

Length of stroke 

Heating surface : tubes, 1 262 sq. ft. ; fire- 
box, 102— total sq. ft., 1364. 



4 


IN. 



6 


6 


6 


6 





174 





24 




Fig. 12a 



The weight is thus distributed — 

On leading wheels 
„ driving ,, 
„ trailing „ 



TONS 


CWT. 


12 





14 





12 


6 



Total 



38 
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The boiler is of steel with iron tubes, and carries a pressure 
of 150 lbs. to the square inch. 

Mr. Dean has also built at Swindon some powerful 
coupled engines for working the express passenger service 
on other parts of the line where the gradients are heavier. 



1 


^ iii^^^^^^T^H 




r^^'^^""^^^&^^^^^^VB^M I 1 


t 


' . ^^ z^;^?!*^^ J 




^^^^■^ - -^a-^r'Mffliti^BBMHBIII 



Fig. 121. 



and the following are particulars of the type of coupled 
engines, of which Fig. 121 is an illustration. 



Diameter of leading- wheels 

:: ?s ;: }c°"p>ec ... 

Diameter of cylinders 
Length of stroke 

Boiler pressure, 150 lbs. per sq. in. 
Heating surface : tubes, 1352 sq. ft. ; fire- 
box, n6 sq. ft. — total sq. ft,, 1468*8. 
Grate area, 19 sq. ft. 
Total weight, 42 Ions. 



FT. 


IN. 


4 





6 





6 








18 





24 
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This is a very good specimen of a double-framed engine. 
It has inside and outside axle-boxes on the driving-wheels 
and outside cranks, upon which the connecting-rods work. 
It will be seen that the weight is carried on laminated 
springs underneath each wheel. 

The Great Western trains between London and Birming- 
ham are very heavy and fast. The Corridor train leaving 
Paddington at i '30 p.m.,^ when empty, weighs about 200 
tons exclusive of engine and tender, and is timed at an 
average speed of over 47 miles per hour. Some of the 
trains on the London and Birmingham service load to up- 
wards of twenty vehicles. 

Many of the passenger trains on the Great Western Rail- 
way are worked by side-tank engines. Some of those 
running in the London district and working the residential 
trains between Paddington and Slough are doing a large 
mileage daily. Excellent results are still obtained from 
them in contending with the heavier traffic of to-day, although 
they are of a distinctly old-fashioned type. 

The following are the chief dimensions of these 
engines — 

FT. IN. 

Diameter of leading- wheels ... ... 3 6 

driving „ jcoupled ... • 5 o 

„ trailing „ J '^ 5 o 

„ cylinder ,, ... ... o 16 

Length of stroke ... ... o 24 

Heating surface : tubes, 1209 sq. ft. ; fire- 
box, 99 sq. ft. — total sq. ft., 1308. 

Weight- 



Leading- wheels ... ... •.. II 

Driving ,, ... ... ••• ^4 



TONS CWT. 
12 
O 



Trailing „ (with 20 cwt. of coal) ... 14 o 
Total ... 39 12 

The boiler pressure is 150 lbs. to the square inch. 
^ This was in 1894. 
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The Great Western Company have also some very power- 
ful saddle-tank engines, which are used chiefly for the heavy 
local coal trains in the South Wales district, and also for 
local goods and passenger trains on other parts of the line 
where the gradients are heavy. They have cylinders 17 
in. in diameter with a stroke of 24 in. The tank has a 
capacity of iioo gallons, and the total weight in working 
order is 45J tons. This, combined with the six coupled 
wheels 4 J ft. in diameter, gives the engine great tractive force. 

With the exception of a few shunting engines, the Great 
Western Railway Company's engines are all fitted with 
air-pumps for maintaining the vacuum for working the 
brake; practically every engine on the system is therefore 
available to work passenger trains if required to do so in 
case of emergency. The goods engines are of the usual 
six wheels coupled type. The majority have double frames, 
but the present standard goods engines have single frames. 

Lancashire and Yorkshire Railway, 

The locomotive superintendent of the Lancashire and 
Yorkshire railway, Mr. Hoy, has kindly supplied the author 
with a very full description of the latest express passenger 
engine built at Horwich from the designs of Mr. Aspinall, 
who has recently been appointed General Manager of the 
line. This is a ten-wheeled bogie engine with four-coupled 
wheels, 7 ft. 3 in. in diameter (see Fig. 122). The details are 
given in full, as they give a very good example of the standard 
proportions of the various parts of a modern express passenger 
engine. Mr. Hoy says — 

" The engines were designed to work the heavy and fast 
summer traffic, without * piloting,' between Manchester, 
Blackpool, Southport, Liverpool, Leeds and York, over 
gradients of i in 63, i in 77, etc. 
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"The average speed attained by these trains is about 52 
miles per hour. 

"The dimensions represent the extreme limits of height 
and width available on British railways, as the engine only 
clears the loading gauge by a very few inches. 

" The fire-box is of the * Belpaire ' type, and the back 
plate is flanged on the outside instead of the inside as is 
usual. 




Fig. 122. 



"The driver is provided with a seat on the side, and the 
regulator handle, steam reversing gear, and brake handle are 
very conveniently placed. 

"It will be noticed that the tender only carries 2290 gallons, 
this is on account of being fitted with the water pick-up 
arrangement, which is fitted to both goods and passenger 
engines on this Company's system." 



268 BRITISH LOCOMOTIVES. 

TEN-WHEELED EXPRESS BOGIE PASSENGER ENGINE. 
FOUR WHEELS COUPLED, 7 FT. 4 IN. DIAMETER. 



Cylinders {Steam Jacketed)— 


FT. 


IN. 


Diameter of cylinder 


I 


7 


Stroke of piston 


2 


2 


Length of steam ports 


I 


5 


Width „ „ „ 




i§ 


Distance from centre line of cylinders to valve face 


I 


oj 


Lap of slide-valve ... 




I 


Maximum travel of slide-valve 




5 


Lead of slide-valve (f(7«j/««/) 




o^ 


Dis'ance between centre and centre of cylinders... 


I 


II 


Motion {Joy's)— 






Diameter of piston rod 




3 


Length of slide block 


I 


li 


„ connecting rod between centres 


6 


2 


Wheels {Coupled)— 






Diameter on tread ... 


7 


3 


Bogie diameter on tread 


3 


o§ 


Trailing „ „ 


3 


7i 


Crank Axle — 






Diameter of wheel -seat 




8^^ 


„ bearings 




7i 


,, at centre 




7 


Distance between centre to centre of bearings ... 


3 


94 


Length of wheel-seat 




7 


„ bearings ... 




9 


Diameter of crank bearings ... 




7i 


Length of „ „ 




4i 


Straight Axle {Coupled)— 






Diameter of wheel -seat 




81 


„ bearings 




74 


,, at centre ... 




64 


Distance between centre to centre of bearings ... 


3 


94 


Length of wheel-seats 




7 


,, bearings ... 




9 
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Trailing Axle — 

Diameter of wheel-seat 

9, bearings 

,1 at centre ... 
Distance between centre to centre of bearings ... 
Length of wheel-seat 

,, bearings ... 

Bogie (Swing Link Type)— 

Axles, diameter of wheel-seats 
„ „ „ bearings ... 

», „ at centre 

„ Distance between centre to centre of bearings 
„ Length of wheel-seat ... 
„ „ bearings 

Bogie {Frames Steel)— 

From centre of leading wheel to front of frame 

Centre to centre of wheel 

From centre of hind wheel to end of frame 

Total length of frames 

Distance between frames 

Thickness of frames 

Frames [Steel)— 

From centre of bogie to back of buffer plate 

,, ,, ,, centre of driving-wheel... 

Centre to centre of coupled wheels 
From centre of hind coupled wheel to centre of 

trailing- wheel ... 
From centre of trailing axle to end of frame 
Total length of frame plates ... 
Distance between frames 
Thickness of frames 

Boiler {Sieety- 

Height from rail to centre of boiler 
Length of boiler barrel 
Diameter outsid -• the smallest barrel plate 
Thickness of plates ... 

„ „ smoke-box tube plate 
Pitch of rivets (rings) 



(seams) 
Diameter of ri vets ... 
All rivet holes drilled 



(zig-zag) 



FT 


IN. 




8§ 




7 




6i 


3 


8 




7 




9 




64 




54 




Si 


3 


7 




6,'. 




9h 


I 


Si 


5 


6 


I 


Si 


8 


s 


4 


oi 




oj 


4 


lOj 


10 


2i 


7 


6 


7 


3i 


4 


lOj 


34 


85 


4 


2 




lA 


8 


11 


17 


li 


4 


10 




oi 




o| 




•II 




2i 




OH 




oi 



270 



BRITISH LOCOMOTIVES. 



FiRB-BOX Shell {Steetj — 




FT. 


IN. 


Length outside 


... 


8 


I 


Breadth outside at bottom 


..• ... 


4 


I 


Depth below centre line of boiler to botton of foun- 






dation ring 


... 


6 


oi 


Thickness of throat plate 


... 




o% 


„ side and crown 


plates 




oh 


„ back plate 


... 




o\ 


Pitch of bronze stays 


... 




4 


Diameter „ „ 


... 




I 


Fire-box (Copper)— 








Length of bottom inside 


... 


7 


55 


Breadth „ „ 


... 


3 


6 



Depth from inside of roof to bottom of foundation 
ring ... 



Tubes {Steel)— 

Number of tubes 
Length between tube plates ... 
Diameter of tubes externally ... 
Thickness of tubes ... 

Heating Surface — 
Tubes 
Fire-box 

Total 

Boiler pressure 
Grate Area 

Weight in Working Order— 
Bogie 

Trailing ... 

Total ... 



239 



6 Hi 



IS o 

2 

II LW.G. 



1877*0 sq. fl. 
175-8 „ 



2052-8 



175 lbs. per sq. incli. 
26*05 sq. feet. 



TONS CWT. 

12 5 

17 10 

17 10 

II 10 

58 15 



Six-Wheeled Tender. 



Wheels— 

Diameter on tread 



3 78 
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Axles— 






FT. IH. 


Diameter of bearings 


... 


... 


4J 


Length „ 


... 


... 


9 


Diameter of wheel -seats 


... 


... 


6J 


Length „ „ 


... 


... 


7 


Distance between centre to centre 


of bearings 


... 


6 3 


Wheel base 






10 6 


Capacity of Tanks ... 


... 




2290 gall. 


Coal Space 


... 


... 


5 tons 


Weight in Working Order— 










TONS CWT. ( 


3RS. 




Front 


lO ID 


I 




Middle 


ID lO 


I 




Hind 


9 12 


_3 




Total ... 


30 13 


I 


rONS CWT. QRS. 



Total Weight op Engine and Tender in 
Working Order ... ... ... 89 8 i 

The engines built immediately prior to the one we have 
just described were also heavy and powerful, and are doing 
excellent work on the line, running heavy and fast express 
trains between Manchester and Liverpool, York and South- 
port, Blackpool and Manchester. 

From the illustration (Fig. 123) it will be seen that the 
driving and trai ling-wheels are coupled, the leading end of 
the engine being carried on a bogie. 

The cylinders are 18 in. in diameter by 26 in. stroke, and 
therefore the engine possesses great tractive force and is 
altogether suitable for the special purpose for which it was 
designed. 

The leading particulars are — 

FT. IN. 

Diameter of driving and trailing-wheels ... ... 7 3 

Diameter of bogie „ ,, ... ... 3 ©i 

Heating surface : tubes (220), if in. diameter, 

1 10873 sq. ft. ; fire-box, 107*68 sq. ft.— 

total sq. ft., I2i6'4i. 
Fire-grate area, i8| sq. ft. 



2/2 BRITISH LOC 
Weight in working order — 

On bogie- wheels 
„ driving „ 
„ traUing „ 


OMOTIV 

Total 
ns. 


ES. 

TONS 

13 
16 

14 


CWT. 
16 
10 
10 


QRS. 





Weight of tender loaded 
Capacity of tank, 1800 gallo 


44 
26 


16 

2 




2 




Fig. 123. 

The Lancashire and Yorkshire goods engine, illustrated in 
Fig. 1 24, was designed to work the heavy fast goods on the line. 
The loads taken vary considerably, ranging from 15 to 60 
wagons, according to the gradients over which they have to 
travel, which at some parts of the line are as steep as i in 27. 

The following are the leading particulars of this engine — 



Diameter of leading, driving, and trailing- wheels ... 
Heating surface: tubes, 1102*26 sq. ft. ; fire-box, 

107-68 sq. ft. —total sq. ft, 1209-94. 
Fire-grate area, i8| sq. ft. 



FT. 

5 



IN. 

I 
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Weight in working order — 
On leading-wheels ... 
„ driving „ 
„ trailing „ ... 


TONS 
13 
15 
13 


CWT. 
16 






QRS 
2 

2 


Total 
Weight of tender, loaded 
Capacity of tank, 1800 gallons. 


41 
26 


17 

2 




2 




Fig. 124. 



A powerful tank engine has also been designed by Mr. 
Aspinall for working the heavy passenger traffic on the 
main lines, on which there are some very heavy gradients, 
especially between Manchester and Oldham, Rochdale and 
Blackburn. The gradients between Manchester, Oldham, 
and Rochdale are i in 27, i in 63, and i in 80. 

Between Manchester and Blackburn, a distance of about 
24^ miles, 13 miles are on rising gradients, i in 72, i in 74, 
etc., with about six miles of falling gradients. The number 
of coaches taken by these engines is 13. The approximate 
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weight of engine and coaches is 250 tons. The engines 
are fitted with the arrangement for taking up water when 
running, which is raised and lowered by the vacuum for 
actuating the brake, and can be used when the engine is 
working either backward or forward. 

The following are the leading particulars — 

Diameter of cylinders, 18 in. by 26 in. stroke. 

„ leading-wheels (radial axle-boxes), 3 ft. yf in. 

,, driving and trailing- wheels, 5 ft 8 in. 
Heating surface : tubes, 1 10873 sq. ft.; fire-box, 107 68 

sq. ft. — total sq. ft., 1216*41. 
Fire-grate area, i8i sq. ft. 

Weight in working order- 
On leading wheels (radial axle-box) ... 
t$ driving „ 

„ trailing „ 

Total 
Capacity of tank, 1340 galls. ; ditto, coal bunker 

Landatiy Brighton^ and South- Coast Railway, 

The line south of the Thames, which has hitherto enjoyed 
the best reputation for punctuality, is perhaps the London, 
Brighton, and South-Coast, and there is no doubt that the 
splendid runs of the London and Brighton trains, and their 
general punctual working, is to be attributed to the 
engineering skill and enterprise of the late Mr. William 
Stroudley, locomotive superintendent of the line. Mr. 
Stroudley was certainly one of the most go-ahead loco- 
motive men in the country, and the engines he built at the 
Company's works at Brighton have proved themselves 
capable of working perhaps heavier and faster trains than 
any others running between London and the south coast of 
England. 

The most important train running from Brighton to 



TONS 


CWT. 


>3 


10 


16 


12 


15 


2 


45 


4 


2 
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London is the 8.45 a.m., which is allowed one hour and 
ten minutes, the distance being 50J miles. The return 
train leaves London Bridge at 5 p.m., and arrives at 
Brighton at 6.5 p.m., thus covering the distance in one 
hour and five minutes, the average speed being 46*5 miles 
an hour. 

The weight of these trains when loaded with passengers 
is estimated at 245 tons, the total moving weight therefore 
being — 

TONS CWT. 

Weight of engine and tender ... ... 66 o 

Weight of train ... ... ... 245 o 

Total ... 311 o 

The line between London and Brighton rises at either 
end from the starting-point. For a distance of 2^ miles out 
of London, the gradient is i in 100, the ruling gradient 
throughout being about i in 264, with three summits between 
London and Brighton, viz. Merstham Tunnel, Balcombe 
Tunnel, and Clayton Tunnel. 

In 1882 Mr. Stroudley constructed a powerful express 
engine, designed specially for this service, of which the 
** Gladstone " (Fig. 125) is an illustration. It will be noted 
that the leading and driving-wheels are coupled together, 
and the trailing end carried on a smaller pair of wheels. 

The chief particulars of this engine are — 

Diameter of cylinders, iS^ in. 
Length of stroke, 26 in. 
Diameter of coupled wheels, 6 ft. 6 in. 
Total heating surface, 1485 sq. ft. 

TONS CWT. 

Weight of engine in working order ... 38 14 
Weight of tender „ ,, ... 27 7 

Total ... 66 I 
Engines of the " Gladstone " type are fitted with the Howe 
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curved link motion, illustrated in Fig. 43, and the reversing 
gear is, by an invention of Mr. Stroudley's, actuated by the 
compressed air in the Westinghouse brake reservoir. This 
is an arrangement which has found great favour among the 
drivers, as it greatly reduces the manual labour necessary 
with ordinary reversing gears, and gives them a means of 
operating the machinery instantaneously should emergency 



arise. 







Fig. 125. 



The valves are placed underneath the steam-chest with the 
idea that when steam is shut off the valves fall off the faces 
of the ports, and therefore friction is avoided. 

All the London, Brighton, and South-Coast trains and 
engines are fitted with the Westinghouse brake, which is 
applied, on the engine illustrated, by two cast-iron blocks 
to each of the coupled wheels. 

Mr. Stroudley used to feed his boilers entirely with hot 
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water, heated by exhaust steam turned into the tender. The 
ordinary form of feed-pump was alone used on these engines, 
and there is no doubt that this was a very economical 
arrangement It is, however, stated that there were a 
considerable number of failures with the pumps, and Mr. 
Billinton, Mr. Stroudley's successor, is reverting to the usual 
system of injectors. 

The London, Brighton, and South-Coast Railway 
Company have some small tank-engines running local 
passenger trains between London Bridge, Croydon, etc., 
which are doing excellent service, and working very eco- 
nomically. The goods engines on this line are of the usual 
six wheels coupled type. 

Mr. Billington is now building express passenger engines 
with the driving and trailihg-wheels coupled, in accordance 
with the usual practice, and the following are the chief 
particulars of his most recent type of passenger engine 
running on the London, Brighton, and South Coast 
Railway. 

Cylinders i8 in., stroke 26 in. 
Diameter of bogie- wheels, 3 ft. 6 in. 

,, coupled driving and trailing- wheels, 6 ft. 9 in. 

Heating surface — Fire-box ... 110*35 sq. ft. 
„ „ Tubes ... 1349*94 » 



Total ... 


146029 „ 






Pressure per sq. inch, 170 lbs. 








Capacity of tender, 2600 gallons. 








Tons of fuel carried, 4. 








Length over buffers, 53 ft. 7 in. 








Mean weight in working order- 




TONS 


CWT. 


On bogie-wheels 




14 


4 


On driving-wheels 




16 





On trail ing-wheels 


... 


14 


10 






44 


14 


On tender 





26 


14 



Total ... 71 8 
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London and South- Western Railway. 

The most recent express passenger engine designed by 
Mr. Drummond, chief mechanical engineer for the London 
and South- Western Railway, is illustrated in Fig. 126. 
This is a four-wheel coupled engine, designed to work fast 




Fig. 126. 



heavy passenger traffic. The traffic on the South-Western 
Railway has now for several years been increasing by 
leaps and bounds, and a very great improvement has 
lately been effected in all sections of the rolling stock 
department. 

The engine here illustrated is that of a very fine specimen 
of a modern express passenger locomotive. Its construc- 
tion has one very important feature, viz. the extension of the 
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heating surface by the introduction of water tubes, which 
extend across the fire-box from side to side. There is a 
chamber on the side of the fire-box shell which can be 
removed for purposes of inspection and repairs. This can 
be seen by referring to the illustration. 

Mr. Drummond himself has kindly furnished the follow- 
ing description of the engine — 

The engine has two cylinders 18 J in. in diameter and 26 
in. stroke placed between the frames. The centres of the 
coupled wheels are 10 ft. and the diameter 6 ft. 7 in. on 
tread. The front of the engine is carried on a four-wheeled 
bogie, the wheel being 3 ft. 7 in. diameter. The boiler is 
of telescopic form, made of mild steel plates ; the length of 
the barrel is 10 ft. 6 in., and the length outside fire-box 
casing is 7 ft. 4 in. At the fire-box end 61 cross water 
tubes 2 1 in. in diameter are fitted to give increased circulation 
and additional heating surface. 

Engines have now been running two years on this railway 
with cross water tubes and are giving excellent results. 
These cross water tubes have a total heating surface of 165 
sq. ft. The sides and crown of the fire-box represent a 
heating surface of 148 sq. ft., so that the addition of the water 
tubes has more than doubled the heating surface of the 
fire-box. The engine is fitted with steam reversing gear 
working into an hydraulic cylinder fixed on the left-hand 
side of the engine. 

Automatic relief valves are fixed on the cylinders. The 
tender has a capacity of 3500 gallons and can carry 4 tons 
of coal. 

The total length of the engine and tender over buffers is 
57 ft. II in., and the weight of the two in working order is 
91 tons 2 cwt. 

The following are other principal dimensions — 
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Cylinders— 




Diameter ... 


... 


Stroke of piston 


... 


Wheels— 




Diameter of driving-wheels .. 


... ... 


„ trailing „ 


... 


„ bogie „ 


... 


Rigid wheel base 





Boiler— 




Diameter of shell inside 


.*« ... 


Length between tube plates ... 


... 


Height of centre above rail ... 


.•• ... 


Top of chimney „ „ 


... 


No. of boiler tubes ... 


280 


Diameter „ 


... 


Length 


... 


No. of water tubes ... 


61 


Diameter ,, 


... 


Heating Surface — 




Boiler tubes 


II 87 sq. ft. 


Water tubes 


165 >» >, 


Fire-box 


148 ti »> 


Total 


1500 „ .. 


Grate area... 


24 sq. ft. 


Working pressure ... 


175 lbs. 


Weight in Working Order— 






TONS CWT. 


Weight on drivers ... 


35 8 


„ „ bogie 


15 


Total ... 


50 8 


Tender— 




Tank capacity ... ... 


3500 gallons. 


Coal carried 


4 tons. 


Weight 


40 tons 14 cwt. 



6 
6 

3 
10 



4 
10 

7 
13 



26 



4 
9 
9 
2^ 



2i 



A very fine specimen of a modern simple express 
passenger engine is the late Mr. Adams' outside cylinder 
7 ft. I in. coupled engine, illustrated in Fig. 127. This 
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powerful engine has cylinders 19 in. in diameter with a 
26 in. stroke. The driving and trailing-wheels are coupled, 
the leading end being carried on a bogie, whose wheels are 
3 ft. 9J in. in diameter. 

The tractive force exerted for each pound of effective 
steam pressure on the piston is therefore 




Fig. 127. 



These engines work such trains as the 12.30 p.m. Bourne- 
mouth express, running from Waterloo to Southampton 
without a stop, a distance of 79J miles, at the rate of 47*55 
miles per hour; the express from Bournemouth, which runs 
from Southampton to Vauxhall (78 miles) without a stop, at 
the rate of 50 miles an hour; the 2.15 p.m. Waterloo to 
Christchurch, 104 miles without a stop, at the rate of 46 miles 
an hour; the 11 a.m. Waterloo to Salisbury (83 J miles) at 
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the rate of 43-5 miles an hour; and the 3 p.m. Waterloo to 
Basingstoke, 48 miles, in exactly one hour. 

These runs have very often to be accomplished with loads 
of as much as ten six- wheeled vehicles weighing 15 tons each, 
and four bogie carriages of about 20 tons each, giving a 
gross train load (including engine and tender) of about 
310 tons. 

The following are further leading particulars of the 
engine — 

Heating surface ; tubes, 1245*6 sq. ft. ; fire-box, I22'i6 sq. ft — 

total sq. ft., 136776 
Grate area, 18 sq. ft. 
Boiler pressure, 175 lbs. per square inch. 

Weight in working order — 

On bogie- wheels 
„ driving „ 
„ trailing „ 

Total 
Weight of tender 

Total weight of engine and tender in\ « 
working order ... ... / 

Capacity of tank 3300 gallons. 

The engine is fitted with a steam brake, which works 
automatically with the vacuum brake on the train. A 
special feature of the South-Western engines is Adams' 
vortex blast-pipe, which is illustrated and described in 
chap, viii., Fig. 92. 

A London and South-Western tank-engine, used for 
working local passenger trains, is illustrated in Fig. 128. 
It has driving-wheels 4 ft. 10 in. in diameter, coupled to 
the leading wheels, while the trailing or bunker end of the 
engine is carried on a bogie with 3 ft. wheels. Further 
particulars of this engine are — 



TONS 
18 


CWT. 

7 


QRS. 
2 


15 


9 





14 


17 





48 


13 


2 


33 


4 
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Cylinders, diameter, 17 in. ; stroke, 24 in. 
Heating surface: tubes, 89776 sq. ft. ; fire-box, 8975 sq. ft.— 
total sq. ft., 987-51. Grate area, 13-83. 

Weight in working order — 

^ , J. , , TONS CWT. QRS. 

On leading wheels ... ... ... 14 10 2 

„ driving „ ... ... ... 15 o o 



. bogie 



Capacity of tank, 800 gallons. 



Total 



15 



44 II 




Fig. 12& 



These are exceedingly useful engines for working the 
important local services, of which there are many on the 
South- Western Railway. They have also comfortable and 
roomy foot-plates, and are a very favourite class of engine 
with the drivers. The position of the injector, just under 
the tank and near the foot-plate, renders it easy to get at 
for examination, which is further facilitated by the con- 
struction of the injector itself, as it is put together in two 
longitudinal sections. By unscrewing four bolts, half the 
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injector can be taken down, and all the cones, etc., 
thoroughly examined in a very short time. 

The following is a list of the standard types of the most 
important South-Westem engines — 



DESCRIPTION OP ENGINES. 


DIMENSION 

or 

CYLINDERS. 


TOTAL 

LENGTH OVER 

BUFFERS. 


WEIGHT IN 
WORKING 
ORDER. 


6 ft. 7 in. four wheels coupled at 
leading end ; inside cy inders 


FT. IN. 
l8iX26 


FT. 


IN. 


T. C. Q. 

50 8 


7 ft. I in, four wheels coupled — 
Bogie at leading end ; outside 
cylinders (Fig. 12$) 


19X26 


53 


81 


48 13 


6 ft. 7. in. four wheels coupled — 
Bogie at leading end ; outside 
cylinders 


19X26 


54 


2i 


48 II 


6 ft leading and driving-wheels 
coupled — one pair of trailing 
wheels 


. 18x26 


50 


81 


43 8 


5 ft. 7 in. four wheels coupled — 
Bogie side-tank engine, leading 
and driving-wheels coupled-^ 
Bogie at trailing end ; inside 
cylinders 


18x26 


35 


li 


53 


4 ft. 10 in. four wheels coupled — 
Bogie side-tank engine, leading 
and driving-wheels coupled — 
Bogie at trailing ends ; inside 
cylinders (Fig. 1^6) 


17X24 


30 


8i 


44 II 2 


Shunting four wheels tank-engine, 
3 ft. 9i in. coupled wheels ... 


16X22 


24 


lOj 


32 8 2 



Midland Railway, 

Fig. 129 is an illustration of the most recent type of 
Midland main line express passenger engine, designed by 
Mr. S. W. Johnson, the locomotive superintendent of the 
line, who still adheres to the principle of single wheel engines 
for important express passenger traffic on the Midland Rail- 
way, and the present illustration is perhaps about as fine an 
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example as any that can be found of a single-wheeled express 
engine of modem times. 

All these engines are fitted with the steam sanding 
apparatus, and there is no doubt that the successful 
introduction of this system has enabled the Midland single- 
wheel engines to draw heavy loads without loss of time 
through slipping. 




Fig. 129. 

The following are the chief particulars of the construction 
of this engine — 

Engine No. 116 has— 

iqJ in. X 26 in. cylinders. 

Piston valve for each cylinder, 8 in. in diameter. 

Driving-wheels, 7 ft. 9 in. diameter. 

Boiler pressure, 170 lbs. 

Grate surface, 21 '3 sq. ft. 
Heating Surface — 

Fire-box ... ... ... 128 sq. ft. 

Tubes ... ... ... 1105 „ ,, 

Total ... 1233 „ „ 
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Weight in Working Order— 



Engine 
Tender 



Total 



TONS CWT. QRS. 
47 2 I 

38 7 2 
85 9 3 



Tender capacity, 3500 gallons. 

Height of boiler centre from rails, 7 ft. 10 in. 

Total wheel base, 43 ft. loj in. 

Length over buffers, 52 ft. 2 in. 

8 spiral bearing springs are used for driving axle. 

Steam sanding is used on both sides of driving wheels. 

The Midland system of carriage warming apparatus is fixed. 




Fig. 130. 

The engine illustrated in Fig. 130 has single driving- 
wheels, 7 ft. 6 in. in diameter. The leading end is carried 
on a bogie similar in detail to that illustrated in Fig. 87. 

Engine No. 1853 was exhibited at the Paris Exhibition 
in 1889, and obtained the Grand Prix. The trains worked 
by this class of engine are the most important on the 
Midland Railway, and many of them are timed at speeds 
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averaging upwards of fifty miles aa hour, with loads varying 
from nine to thirteen coaches. 

These engines are fitted with the automatic steam and 
vacuum brake, and also with a steam-sanding apparatus and 
sight-feed lubricator. 




Fig. 131. 

The following are chief particulars of the engine — 

Diameter of cylinders, 18 J in. 

Length of stroke, 26 in. 

Total length over buffers, 52 ft. 

Boiler pressure, 160 lbs. per square inch ; tubes (242), 

diameter, ij in. 
Heating surface : tubes, ii23sq. ft. ; fire-box, 117 — total sq. 

fl., 1240. 
Grate area, iQi sq. ft. 



Total weight of engine in working order 
„ „ tender 

Total 
Water capacity of tender, 3250 galls. 
Coal „ „ „ 3i tons. 



TONS. 

43 

35 

78 
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Fig. 131 is an example of a Midland four-wheels coupled 
express passenger engine, designed by Mr. Johnson in 
1876, which has cylinders 18 in. in diameter, with a stroke 
of 26 in. The coupled wheels are 7 ft. in diameter, and 
the boiler pressure 160 lbs. to the square inch, so it will be 
seen that these are very powerful engines ; in fact, they are 
now employed in running the heaviest passenger trains 
between London, Leicester, and Leeds, and taking loads 
varying from twelve to twenty vehicles at a speed which 
frequently reaches fifty miles an hour. 

An engine of this class obtained a gold medal at Saltaire 
in 1887. 

Principal particulars of the engine — 

Diameter of coupled wheels, 7 ft. 
Total heating surface, 1261 sq. ft. 



Weight on bogie wheels ... 
„ driving „ 
„ trailing „ 


order ... 


TONS 

13 


CWT. 

12 



2 


QRS 
I 


2 


Weight of tender in working 


42 
36 


14 

I 


3 

I 



Total ... 78 16 o 

Fig. 132 is an illustration of an engine with four coupled 
wheels, a bogie and tank. In this case, the bogie is at the 
trailing end of the engine, underneath the foot-plate, and 
the leading and driving-wheels are coupled. The coupled 
wheels are 5 ft. 3 in. in diameter, and the cylinders 18 in. 
by 24 in. stroke. The capacity of the tank is 950 gallons, 
and that of the coal bunker i J tons. 

These engines work branch line and suburban passenger 
trains, and also the Midland Company's trains working on 
the Metropolitan Railway. Those employed on the latter 
service are fitted with a condenser apparatus for turning the 
exhaust steam into the tanks. 
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The Midland Railway goods engines have six wheels 
coupled, with cylinders 18 in. in diameter, a stroke of 
26 in., and wheels 5 ft. 2J in. in diameter. The engines 
designed for mineral traffic are of a similar description, but 
the wheels are only 4 ft. 10 in. in diameter. 

A powerful side-tank engine with six coupled wheels, 4 
ft. 6 in. in diameter, is used for working heavy mineral 




Fig. 132. 

branch line traffic and shunting purposes. These have 
inside cylinders 17 in. in diameter by 24 in. stroke. 

Until 1885 Mr. Johnson used a maximum boiler pressure 
of 140 lbs. to the square inch, but in that year he com- 
menced to build steel boilers, carrying a pressure of 160 
lbs. per square inch. 

We conclude our illustrations of Midland engines by (Fig. 
133) a view of one of the goods engines recently imported 
from America, the introduction of which into this country 

has caused a considerable excitement in the railway world. 

u 
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The engine was built under Mr. Johnson's directions, and, 
although in general design many Americanisms may be de- 
tected, it is on the whole not unlike a return to the old 
style of bar frame outside cylinder 6-wheel coupled goods 
engine of this country of many years ago. The chief features 
to be noticed at a glance are the three domes, the fi ont one 
^of which is a sand box, and the large American style of cab. 
The tender is mounted on 2 bogies, a practice almost 




Fig. 133. 

universally adopted not only in America, but also on the 
continent of Europe. 

The engines are said to be doing good work on the line. 
The following are the chief dimensions — 



GENERAL DIMENSIONS OF MIDLAND GOODS ENGINES 
FROM THE BALDWIN LOCOMOTIVE WORKS. 



Gauge 


4 ft. Si in. 


Cylinders 


18 in. by 24 in, 


Drivers 


... 5 ft- 
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Total wheel base ... 22 ft. 2 in. 

Driving-wheel base ... 14 ft. 9 in. 

Total weight of engine 46 tons 5 cwt. 2 qrs. 

Weight on drivers ... 36 ,, 12 ,, 3 ,, 

Diameter of boilers (outside of middle barrel plate) 4 ft. 9J in. 

Number of tubes ... 263 

Diameter of tubes, outside i| in. 

Length of tubes over tube-plates 10 ft. 5f in. 

Fire-box, length inside 6 ft. 

„ width „ 2 ft. 9J in. 

Heating Surface— 

Fire-box ... ... ... 120 sq. ft. 

Tubes ... ... ... 1244*6 ,, ,, 

Total ... 1364-6 „ „ 
Tank capacity ... ... 3250 gallons. 



North-Eastern Engines, 

At the same time that Mr. Webb was developing the 
compound system on the London and North-Western 
railway, Mr. T. W. AVorsdell, the then locomotive superin- 
tendent of the North-Eastern 
Railway, had also turned his -Jb^-> 
thoughts in the same direction. 
Instead, however, of having three 
cylinders, Mr. AVorsdell's original 
compound engines have two inside 
cylinders, one high and the other 
low-pressure. They both act upon 
one crank axle in the same way as Fi<'" i34- 

a pair of ordinary high-pressure cylinders. The position of 
the cylinders of a Worsdell compound is shown in the cross 
section (Fig. 134). HPC is the high-pressure cylinder 
from which the steam is exhausted into the low-pressure 
cylinder (LPC). 
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The valve-chests are in the smoke-box above the cylinders. 
The steam exhaust from the high-pressure cylinder is shown 
at HPE, from whence it is carried round the smoke-box to 
the low-pressure valve-chest (LVC), and is finally exhausted 
at E. For a description of Mr. Worsdell's first compound 
goods engine, of which Fig. 135 is an illustration, we quote 
from a paper read by Mr. E. VVorthington before the In- 
stitution of Civil Engineers in 1889. He says — " In outside 



" -^ — ' — - — . — "■ 



Fig. 135. 

appearance this engine is neat, simple, and substantial. 
It weighs 40 tons 7 cwt., and has six coupled wheels, 5 ft. 
I J in. in diameter. The cylinders, which are 18 in. and 
26 in. in diameter and 24 in. stroke, are placed as in the 
passenger compound engines beneath the slide valves, and 
inside the frames. 

" The chief features of this goods engine to be observed 
are the starting and intercepting valves, which enable the 
engine-driver to start the engine by admitting sufficient 
high-pressure steam to the large cylinder, without interfering 
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with the small cylinder, in case the latter is not in a 
positio:i to start the train alone. 

" The two valves are operated by steam and controlled by 
one handle. If the engine does not start when the regulator 
is opened, which will occur when the high-pressure valve 
covers both its steam ports, the driver pulls the additional 
small handle, which closes the passage from the receiver to 
the low-pressure cylinder, and also admits a small amount 




Fig. 136. 

of steam to the low-pressure steam-chest, so that the two 
cylinders together develop additional starting power. 

"After one or two strokes of the engine, the exhaust 
steam from the high-pressure cylinder automatically forces 
the two valves back to their normal position, and the engine 
proceeds working compound." 

An illustration of one of Mr. Worsdell's compound 
express passenger engines, designed in the year 1836 for 
main line traffic, is given in Fig. 136. The following are 
the principal dimensions — 
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High-pressure cylinder, i8 in. diameter, 24 in. stroke. 
Low-pressure cylinder, 26 in. diameter, 24 in. stroke. 
Diameter of driving-wheels, 6 ft. 8J in. 

Number of tubes, 242, if in. outside diameter, and 10 ft. long. 
Heating surface of tubes ... ... 1211*3 sq.ft. 

„ ,, „ fire-box ... ... ii2*o „ 



Total heating surface 
Fire-grate area, 17*33 sq. ft 
Working pressure, 175 lbs. per sq. in. 



1323-3 ,. 




Fig. 137. 

These engines are still working on the North-Eastern 
main line, and it was with one of this class that the fastest 
run was performed when the race between the East and 
West Coast routes took place during the summer of 
1888. 

The down Scotch express cleared the distance of 80J 
miles from York to Newcastle in eighty-two minutes, and 
that of 125 miles from Newcastle to Edinburgh in 128 
minutes, completing the whole journey in one hour and four 
minutes less than the time now allowed. 
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These engines have also been found exceedingly useful in 
working main line express meat and provision goods trains, 
the work being performed with great economy, both in fuel 
consumption and repairs. 

The large compound engines, having 7 ft. 6 in. single 
driving-wheels, and cylinders 20 in. and 28 in. in diameter 
by 24 in. stroke, shown in Fig. 143, were built at the Gates- 
head Works in the year 1890 to work the main line heavy 
passenger trains between Newcastle and Edinburgh. 

Mr. Wilson Worsdell, the present locomotive superintendent 
of the North-Eastern Railway, says they are now doing this 
work at an average consumption of 28 lbs. of coal per mile, 
which is very low for the heavy traffic and high rate of speed 
at which the trains have to travel ; in fact, it is about 2 lbs. 
lower than the average of any other class of engine now 
running upon this line. 

On one occasion the horse-power indicated when running 
at a speed of 86 miles per hour upon a level road with a 
train of eighteen carriages was 1068, the total weight of the 
train being 310 tons. 

It is with this class of engine that the train leaving King's 
Cross at 8.30 p.m. runs the 125 miles from Newcastle to 
Edinburgh in two hours and forty-six minutes without a 
stop, this being one of the longest runs made by an engine 
without stopping to take water. 

One of these engines was exhibited in the Edinburgh 
Exhibition in the year 1890. 

The following are particulars of comparative trials made 
between the working of compound and non-compound 
engines on the Great Eastern Railway in January and 
February, 1888. 
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Number of vehicles 
Weight of „ 

,, engine and tender 
Total weight of train 
Quantity of coal used in\ 

pounds / 

Number of pounds of coaI\ 

used per engine mile / 

Number of pounds of coaH 

used per train mile . / 

Quantity of water used in\ 

gallons / 

Quantity of water evaporated \ 

per pound of coal / 

Total engine mileage 

,, train „ 

„ time occupied in run-\ 
ning / 

Average time per trip 

n 

Conditions of weather > 

) with much snow. 

The actual results of the comparative working of the engines may be 
thus summarized — 

Ten non-compounds ran 186,890 miles, and consumed 68,228 cwt. 
coal =40 '9 lbs. per mile. 

Ten compounds ran 185,091 miles, and consumed 57,720 cwt. of coal 
= 34*9 lbs. per mile. 

Difference in favour of compounds=6 lbs. per mile= 14J per cent« 

Since the date last mentioned, Mr. Wilson Worsdell has 
built some very fine locomotives for the North-Eastern 
Railway. Some have been on the compound principle, 
some have been simple engines. In the Jubilee year, 
1897, he built a simple engine with 7 ft. 6 in. coupled 
driving-wheels. 

Cylinders 20 in. by 26 in. 
Total heating surface 1216 sq. ft. 
Grate area 2of scj. ft. 
Tender tank capacity 3900 gallons. 



COMPOUND. 
20 

160 tons 
8 1 tons 7 cwt. 
241 tons 7 cwt. 


NON-COMPOUND. 

20 

160 tons 

71 tons 14 cwt. 

231 tons 14 cwt. 


25,254 


32,104 


26-3 


337 


283 


35*9 


19,383 


24,155 


825 


8 


980 
892J 


952 
892J 


27 hrs. 38 min. 


27 hrs. 36 min. 


I hr. 58 min. 
sry rough and 
boisterous wind. 


I hr. 58 min. 
Heavy wind. 
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The tender carries 5 tons of coal, and the total 
weight of the engine and tender in working order is 
91 tons. 

A year later Mr. Worsdell turned out a compound 
engine with 7 ft. 6 in. driving-wheels, in which he 
introduced a new principle so far as locomotives are 
concerned. 

He placed one inside high-pressure cylinder, 19 by 




Fig. 138. 

26 in. between the frames. This high-pressure cylinder 
exhausts into two outside low-pressure cylinders, which 
are 20 in. by 24 in. ; so that here we have a reversal 
of Mr. Webb's principle, where the two outside high- 
pressure cylinders exhaust into one inside low-pressure 
cylinder. 

The total weight of this engine in working order is ninety- 
three tons. 
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Mr. Worsdell, however, in his latest engine again reverts 
to the principle of the simple engine. Having to contend 
with the same problem that is exercising the minds of all 
locomotive superintendents in this country, viz. to build an 
engine capable of drawing the enormously increased loads 
at the high speeds required, Mr. Worsdell has very boldly 
exploited the principle of using six-coupled wheels for an 
express passenger engine. 

We are indebted to him for the dimensions of his latest 
express passenger engines designed and built by him at 
Gateshead for the North-Eastern Railway Company, and 
illustrated in Fig. 138. 

The engines are purposely built for working the heavy 
East Coast express passenger traffic between York and 
Edinburgh. They are six-wheeled coupled with a four- 
wheeled bogie in front. The coupled wheels are 6 ft. 
I J in. in diameter. The cylinders are placed outside 
the frames, and are 20 in. diameter with a stroke of 26 in. 
The barrel of the boiler is 15 ft. long and 4 ft. 9 in. 
diameter outside. The fire-box is 8 ft. long with a grate 
area of 23 sq. ft. The working pressure is 200 lbs. per 
square inch. 

The engines are designed to work trains equal to 20 
carriages loaded, and to run 124 J miles at 53 miles per 
hour without a stop. The weight of the train behind the 
tender will vary from 350 to 375 tons. From the above it 
will be seen that the work these engines are required to 
do is of the heaviest and fastest description. Gradients 
pf I in 96 for about 5 miles, and others of i in 150, 
I in 170, and i in 200 are met with' on different parts of 
the line. 
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Cylinders— 


FT. 


IN. 


Diameter of cylinders 




20 


Stroke of piston 




26 


Length of ports 


I 


6 


Width of ports 




li 


Width of exhaust ports 




4 


Distance apart of cylinders, centre to centre 


6 


8 


„ from centre line of cylinder to valve face 


I 


II 


n between centres of valve-spindles 


2 


5i 


Lap of valve 




li 


Maximum travel of valve 




3H 


Lead of slide-valve ... 




oi 


Stephenson's link-motion 






Diameter of piston-rod 




4 


Length of slide-block 


I 


3 


Length of connecting-rod between centres 


10 


6 


Wheels and Axles— 






Diameter of leading- wheel ... 


6 


li 


1, driving-wheel ... 


6 


li 


,, trailing-wheel ... 


6 


li 


„ bogie- wheel 


3 


7i 


Thickness of all tyres on tread 




3 


Width of all tyres on tread ... 




5i 


Distance between centre of bogie and centre of 






driving-wheel ... 


8 


94 


Centre of bogie-wheels 


6 


6 


Centre of leading-wheels to centre of driving- 






wheels 


7 





Centre of driving-wheels to centre of trailing- 






wheels 


7 





Distance from centre of driving-wheels to front of 






fire-box 


I 


4 


Distance from centre of bogie to front buffer-beam 


5 


9 


Distance from centre of trailing- wheels to back 






buffer-plate 


4 


10 


Axles {Steel)— 






Diameter of wheel-seat 




9 


„ of bearings 




8 


,, at centre ... 




71 


Distance between centre of bearings ... 


3 


10 


Length of wheel-seat 




6i 


M bearings ... 




9 
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Bogie- Axle (SUef)^ 

Diameter of wheel-scat 

,, of bearings 

,, at centre ... 
Length of wheel-seat 

,, bearings... 
pistance between centres of bearings ... 

Crank-Pins (SUel) 

Driving— 

Diameter of crank- pin 1 r .. , 

_ ^, r . *^ >for connecting-rods 

Length of bearmg ) * 

Diameter of crank-pinjf^^ coupling-«Hls 
Length of bearmg ) 

Crank-Pins — 

Diameter of crank pinU^ coupling-rods 
Length of bearmg ) 

Frames {SUei)— 

Distance between frames 
Thickness of frames 
Distance between bogie-frames 
Thickness of bogie-frames 

Boiler (.Steel)— 

Centre of boiler from rail 
Length of barrel 
Diameter of boiler (outside) ... 
Thickness of plates ... 

Tube-Plate {Coppery- 

Thickness of smoke-box tube-plate 
Pitch of rivets 
Diameter of rivets ... 

Fire-Box(5/^^/)— 
Length outside 

Breadth outside at bottom ... 
Depth below centre line of boiler at front end 

,, ,, ,, back end 

Thickness of front plate 

,, back plate 

,, sides and top plate 

Distance of copper stays apart 
Diameter of copper stays 



FT. 


IM. 

74 




6 




5S 




7i 




9 


3 


7 




5 




5 




3i 




51 




4i 




3 


4 


o 




I 


2 


8 




o% 


8 


2 


15 


o 


4 


9 




oA 




I 




2 




oj 


8 





3 


11 


4 


9 


3 


9 




OS 




of 




of 




4 




li 
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INSIDB Fire- Box {Copper)— 

Length at the bottom inside ... 
Breadth „ „ „ ... 

From top of box to inside shell 
Depth of box inside at front ... 
„ „ back ... 

Tubes (SUel)— 

Number of tubes, 204 
Length of tubes between tube-plates 
Diameter outside ... 
Thickness, No. 12, W.G. 
Diameter of exhaust-pipe nozzle 
Height of chimney from rail . 



Heating surface in tubes 
,, ,, fire-box 



Area op Fire-grate 



163686 sq. ft. 
130 



Total 176686 ,, 
23 sq. ft. 



Weight of Engine in Working Order- 
tons CWT. QSS. 

On bogie- wheels ... 16 3 o 

On leading-wheels ... 11 19 o 

On driving ,, ... 19 7 o 

Cn trailing ,, ... 14 19 o 

Total 62 8 o 



Weight of Tender in Working Order — 



On front wheels 
On middle wheels 
On trailing ,, 



13 2 o 
II 10 o 

14 o o 
Total 38120 



Tender : 

Wiieel-Base— 

From front bAiffer-beam to centre of leading- 
wheels 

From centre of leading-wheels to centre of middle- 
wheels 

From centre of middle-wheels to centre of trail- 
ing-wheels ... .. 

From centre of trailing- wheels to back bulTer- 
beam... 



13 



IN. 

3i 

8 
8 



15 4i 

2 



4 2 

6 o 

6 o 

4 5 
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Wheels— 




rr. 


IN. 


Diameter of wheels on tread ... 


... ... 


3 


9i 


Thickess of tyres ... 


... ... I 




3 


Axles— 








Diameter of bearings 


... ... 




5 


Length of bearings ... .... 






10 


Diameter of wheel-seats 


... ,,, 




6f 


Length of wheel-seats 






7h 


Distance of centres of bearings 




6 


10 


Frames— 








Distance between inside frames 


... ... 


4 


I 


Thickness of inside frames . . . 






04 


Distance between outside frames 




6 


2i 


Thickness of outside frames ... 






OS 


Capacity of tank 


... 3164 gal. 






.» well 


••• 537 » 
Total 3701 „ 







Coal space ... ... ... 5' Tons 

This tender is also fitted witli a water-scoop. 

It may here be noticed that the latest design of North- 
Eastern engine, with tender attached, is the heaviest complete 
engine and tender running in this country, the total weight 
amounting to no less than.ioi tons. These engines run 
through from Newcastle to Edinburgh, a distance of 124J 
miles, without a stop. 

South-Eastern and Chatham and Dover Railway, 
Two well-known railway lines south of the Thames — the 

South-Eastern, and London, Chatham and Dover Railways 

— have recently been amalgamated for working purposes, 

an event which took place on January i, 1899. 

The whole of the locomotives belonging to the combined 

companies are now under the superintendence of Mr. H. 

S. Wainwright, whose head-quarters are at the Locomotive 

Works, Ashford, Kent. 

The following are illustrations of some of the standard 

engines. 
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^^g- ^39 represents the South-Eastern standard modern 
express engine, of the same type as that exhibited at the 
Paris Exhibition in 1889. It has now for some years done 
excel!ent service on the line, working the heavy express and 
mail continental trains between London and Dover, which 
are made up to loads varying from 15 to 25 vehicles. The 
gross weight of such trains is from 180 to 300 tons, and 




a 



*«tt*-^=_ =..-=-«*' 



'>diL»'>^jfc^^".rfii 



Fig. 139. 

they are run at high speeds. The gradients on some parts 
of the South-Eastern system are very heavy, especially on 
the line to Hastings. 

It will be seen that the engine has eight wheels — two 
pairs coupled, with a bogie at the leading end. The weight 
on the driving and trailing-wheels is 28 tons 2 cwt. 

The particulars of the heating surface are — 



Tubes 
Fire-box 



Total 



SQ. FT. 
1035 

1020 '5 
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The coupled wheels are 7 ft. in diameter, and the cylinders 
are 19 in. in diameter by 26^ in. stroke. 

The engine is fitted with Mr. Stirling's steam reversing 
gear, which consists of a vertical steam cylinder, in which is 
a piston fixed on a rod passing through to a second cylinder 
S in. in diameter, which is filled with water or oil. The 
lower end of the piston-rod is coupled to the reversing lever. 

To operate the gear two handles are used, one to 
determine the direction of the motion, and the other to 
control the steam supply to the top cylinder, and to regulate 
the passage of water from one side of the piston to the 
other in the water cylinder. The steam forces the piston 
to any required position for forward or back gear or ex- 
pansive working, and the water keeps the piston stationary 
in the position to which it is moved. This gear is much 
appreciated by the engine-men, who by its means have at 
iheir hand a quick-acting gear which can be instantly 
brought into play with practically no manual exertion at all. 

The boiler is of steel, with a copper fire-box and brass 
tubes. There is no dome; the steam is conveyed to the 
cylinders through a long pipe perforated with 260 half-inch 
holes. This pipe is fixed inside the top of the barrel, 
through which it extends from end to end. The weight 
is distributed as shown below — 

Bogie- wheels 
Driving-wheels 
Trailing- wheels 

Total ... 41 10 

Both engine and tender are fitted with the automatic 

vacuum brake. 

Another South-Eastern engine, constructed by Messrs. 

Neilson and Company of Glasgow, from the designs of Mr. 

James Stirling, is illustrated in Fig. 140. This is a side- 

* Mr. J. Stirling was one of the first, if not the first, locomotive 
engineer to introduce the 26 in. stroke with inside cylinder engines. 



TONS 


CWT. 


13 


8 


15 


5 


12 


17 
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tank engine, with coupled leading and driving-wheels 5 
ft. 6 in. in diameter. The bunker or trailing end of the 
engine is carried on a bogie. The cylinders are 18 in. by 
26 in., and from this and the general design of the engine 
it will be noted that it is a powerful and useful engine. It 
is fitted with the automatic vacuum brake.^ The vacuum 
cylinder is underneath the side tank and just in front of 




Fig. 140. 

the tank are the cylinders of Mr. Stirling's steam reversing- 
gear. 

The South-Eastern Railway standard goods engines are 
of the usual six wheels coupled type, and were built by 
Alessrs. Sharp, Stewart, and Company from Mr. Stirling's 
designs. 

The following engines were designed by Mr. Kirtley, the 
late Locomotive Superintendent of the London, Chatham 
and Dover Railway, when that line had a separate existence. 
Fig. 141 represents an engine built for the fast mail and 

^ Several of the South-Eastern Railway engines are also fitted with 
the Westinghouse brake, for the benefit of foreign rolling stock. 

X 
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cx)ntinental traffic to and from London. These are power- 
ful engines with inside cylinders, 6 ft 6 in. coupled wheels, 
and a bogie at the leading end. 
Chief particulars — 

Diameter of cylinders, i8 iiL 

Length of stroke, 26 in. 

Diameter of coupled wheels, 6 ft. 6 in. 

Boiler pressure, 150 lbs. per square inch. 




Fig. 141. 



Weight on bogie wheels 
Weight on driving-wheels 
W^eight on trailing-wheels 



TONS CWT. QRS. 

13 II o 

15 13 3 

13 4 I 



Total weight in working uider ... 42 90 
Heating surface: tubes loio sq. ft. ; fire-box, 110 sq. ft. — total 

sq. ft., 1 1 20. 
Grate area, 17 sq. ft. 

These engines are fitted with the apparatus necessary for 
working both the automatic vacuum and Westinghouse 
brake. 

Fig. 142 is an illustration of a London, Chatham and 
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Dover tank-engine used for Metropolitan tunnel and main 
line work. This is a powerful engine, and starts away with 
a train very readily, an important advantage for a local 
passenger engine. 

The driving and leading-wheels are coupled, the traiUng 
end being carried on a bogie ; the rigid wheel base between 
the coupled wheels is 7 ft. 6 in. 

When the engine is working in the Metropolitan tunnels, 
the exhaust steam, instead of passing away through the 
chimney, is carried by a large pipe at the side of the boiler 




Fig. 142. 

into the tank and there condensed ; an arrangement adopted 
on all engines that have to run on the London underground 
railways, to whatever company they may belong. 
Chief particulars — 



Diameter of coupled wheels ... 


5 


6 


M bogie „ 


3 





„ cylinders 





171 


Length of stroke 





26 


Total length over buffers 


... 32 


6 
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Heating surface : tubes, 995 sq. ft. ; fire-box, lOO sq. ft. — total 

sq. ft., 1095. Grate area, 16-5 sq. ft. 
Capacity of tank, 970 galls. ; ditto, coal bunker, 2 tons. 

The London, Chatham and Dover Company built also 
another class of side tank engine, on the same lines, but 
with smaller cylinders and boiler. 

The engines are of the usual six wheels coupled type, 
and are well-designed, neat in appearance, and of powerful 




Fig. 143. 

construction. Fig. 143 is an illustration of an engine of 
this class, and. the following are the principal particulars — 

FT. IN. 

Diameter of cylinders ... ... ... o 18 

Length of stroke ... ... ... o 26 

Diameter of wheels ... ... ... 5 o 

Heating surface: tubes, 1000-4 sq. ft. ; fire-box, 102 'osq. ft. — 

total sq. ft., 1 102 4. 
Grate area, 17 sq. ft. 
Boiler pressure, 150 lbs. persq. in. 
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Weight— 

TONS CWT. QRS. 

On leading-wheels ... ... ... 13 2 o 

„ driving „ ... ... ... 15 4 2 

,, trailing ,, ... ... ... 10 19 2 



Total weight in working order ... ... 39 6 o 

Weight of tender ... ... ... 34 3 i 



Total weight of engine and tender in working'^ 
order ... .../ 



73 



We have now noticed one or more of the representative 
locomotives running on all the most important English 
railways. It will not be possible to mention the engines 
owned by the smaller lines, but it will be understood that, 
taking them as a whole, they are a counterpart of those 
types already illustrated. 

There is, however — closely connected with the London 
and North- Western system — a smaller railway, one of whose 
engines is illustrated in Fig. 144. This is a 

North London Railway 

tank engine, designed by Mr. J. C. Park, the late loco- 
motive superintendent of the line. Although a small line, 
the North London Railway Company manufactures its own 
engines, which have to work a very important suburban 
traffic over a crowded line, upon which there are some very 
heavy gradients. The engine illustrated has coupled driv- 
ing and trailing-wheels 5 ft. 6 inches in diameter, the 
leading end being carried on a bogie. The boiler is of 
steel, with copper fire-box and steel tubes. The cylinders 
are 17 inches by 24 inches, and the heating surface is— 

Tubes (186 in number) ... ... 860 sq. ft. 

Fire-box ... ... ... ... 91 ,, 

Total ... 951 M 

Grate area ... 16*62 ,, 
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Bogie 


14 tons 


Driving-wheels 


16 „ 


Trailing- wheels 


16 „ 



Total 



46 



These engines are doing good service on the line, and are 
in every way suited for the purpose for which they were 
constructed. They start away from stations very quickly 
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Fig. 145. 

when working passenger trains, and are strong enough to be 
utilized for working goods trains when required. They are 
fitted with Messrs. Gresham and Craven's gear for working 
the automatic vacuum brake. 



Scotch Locotnotives, 

The two principal Scotch Railways are the Caledonian, 
which runs in connection with the London and North- 
western Railway and forms a part of the West Coast route 
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to the North, and the North British Railway, which forms a 
portion of the East Coast route. 

Through the kindness of the locomotive superintendents 
of the Caledonian and North British Railways, the author is 
enabled to give illustrations of the standard express passenger 
engines running on each of these important lines. 

Fig. 145 is an illustration of Mr. Holmes' express bogie 
passenger engine, built in the early nineties, for the North 
British Railway, and the following are the principal 
dimensions — 

Diameter of bogie- wheels 

„- coupled wheels ... 

„ cylinders 

Stroke of cylinders 

Centre of bogie to centre of driving-wheel 
Centre to centre of bogie-wheels 

,, ,, coupled wheels 

Wheel base of engine 
Boiler, length of barrel 

,, diameter „ 
Length of fire-box (outside) ... 
Heating surface: fire-box, 118 sq. ft. ; tubes, 1 148 sq. ft. — total 

sq. ft., 1266. Fire-grate area, 20 sq. ft. 
Number of tubes, 238 ; diameter, i^ in. 
Working-pressure, 140 lbs. per square inch. 

Weight of engine in vrorking order — 

TONS CWT. 

Bogie ... ... ... 15 9 

Driving-wheels ... ... ... 15 12 

Trailing „ ... ... ... 15 9 

Total ... 46 10 

Tender — Diameter of wheels, 4 ft. ; wheel base, 12 ft. 
Capacity of tank, 2500 galls. 
Weight in working order, 32 tons. 

Engine 729, Mr. Holmes' latest production, as will be 
seen by the illustration. Fig. 146, still follows in the same 
lines as shown in the previous illustration, but the general 
dimensions in many particulars are brought up to date. 



FT. 


IN. 


3 


6 


6 


6 


I 


6 


2 


2 


9 


10 


6 


6 


9 





22 


I 


10 


3\ 


4 


Si 


6 


3 
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The trains on the North British Railway are heavy and 
fast, and there are some stiff gradients on the line. Power- 
ful engines are therefore required for working the main line 
service, and the engines illustrated are in every way suitable 
for the work upon which they are engaged. 

The Caledonian Railway has several long and heavy 
gradients on its main line between Carlisle and Aberdeen, 
much the same kind of road as the London and North- 
western Railway between Preston and Carlisle. 




Fig. 146. 

The London and North-Western compound engines bring 
some very heavy trains into Carlisle, to be there handed over 
to the Caledonian Railway Company, and they require a 
powerful class of engine to work them forward over the 
Scotch line. 

Fig. 147 is an illustration of a recent type of locomotive, 
designed by Mr. Drummond, the late locomotive superin- 
tendent of the line, and first built by Messrs. Dubs and 
Company of Glasgow. 

The engine has two pairs of coupled wheels, 6 ft. 6 in. in 
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diameter, and a bogie in front, whose wheels are 3 ft. 6 in. in 
diameter. 

The cylinders are placed between the frames, and are 18 
in. in diameter, with a stroke of 26 in., the valves being on 
the top. The slide bars are of cast-iron of the box pattern, 
which protects the bearing-surfaces from dust. The first 
engine of this class was fitted by Mr. Drummond with the 
Bryce Douglas valve motion, illustrated in Fig. 47 (p. 88).^ 




Fig. 147. 

They are also fitted with the Westinghouse brake, the air- 
pump being placed on the right side and the reservoir 
underneath the foot-plate. The engine tyres are of crucible 
and the tender tyres of Bessemer steel, whereas the engine 
frames are of Yorkshire iron and the tender frames of steel. 
The other chief particulars of the engine are — 



* This gear was afterwards removed, and the ordinary link motion 
substituted. 
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Length of boiler over all 






FT. IM. 

16 SI 


„ „ barrel 


... 


..« 


10 3* 


Diameter of barrel ... 


,, , 


... 


4 4 


I/ength of fire-box casing 




... 


6 2* 


Width at top 




... 


4 7i 


„ bottom 


... 


... 


4 01 


Thickness of plates- 








Fire-box casing 


... 


... 


* 


Boiler barrel 


»f • 




A 


Smoke-box, tube-plate 


... 


... 


* 


Fire-box plates 


... 


... 


t'i 


Tube-plate 


... 


... 


i 


Heating surface ; tubes (^26 


in number), 


10887 sq. ft 


box, I22-0 sg^ifc— total 


sq. ft., 


1210 


7- 


Grate area, 19-5 sq.ft. 








Boiler pressure, 150 lbs. per square 


inch. 




Weight in working order — 






TONS CWT. 


Bogie 




... 


14 12 


Driving-wheels ... 




... 


'S S 


Trailing „ 




... 


>5 3 



fire- 



Total ... 45 o 

Tender „. ... ... 30 o 

Total, engine and tender ... 75 o 

Mr. John T. Mcintosh, the present Locomotive Superin- 
tendent of the Caledonian Railway, maintains to the fullest 
extent the high reputation that Company has earned for 
keeping pace with all the other leading railways in the 
kingdom in the matter of improvements in locomotive 
devcKpment. Indeed, to so widespread and high an 
eminence has Mr. Mcintosh's fame as a locomotive 
engineer attained, that the latest engines built by the 
Belgian State Railways are from his design. 

Fig. 148 is an illustration of the latest express passenger 
engine built by the Caledonian Railway from Mr. Mcintosh's 
designs. The following are the principal dimensions — 

FT. IN. 

Cylinders (inside), diameter ... ... ... i 7 

,, stroke .. ... ... 2 2 
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Wheel, diameter 




FT. IN. 

6 6 


Smallest interior diameter of boiler 




4 7 


Heating surface — Tubes 
,, ,, Fire-l)ox 


... 


1381*22 sq. ft. 
1 1878 „ „ 




Total 


yccrosq. ft. 


Grate area 

Working pressure 

Wheel base — engine 

Wheel base— engine and tender 

Tractive force 


... 


20-63 sq. ft. 

175 lbs. sq. in. 

23 ft. I in. 

49 fl. 2} in. 

16,840 lbs. 


Weight of engine 
Weight of tender 


... 


TONS CWTS. 

49 
45 




Total 


[ 94 


Tender tank capacity 


... 


4125 gallons 



Fuel space, 4^ tons without heaping 

This engine has improved Westinghouse brake, steam 
heating apparatus, steam sanding, steam reversing, patent 
combination injectors, etc. 

The tender runs on two four-wheeled bogies. 

These standard Scotch locomotives we have illustrated are 
good examples of modern express passenger engines, whose 
workmanship and design are of the highest order. 

Irish Locomotives, 

This work, published under the title of Bntish Loco- 
motiveSf would be incomplete without some reference to 
those running on the railway lines of the sister isle. 

The London and North-Western Railway, in whose 
service the author is engaged, and whose locomotive prac- 
tice plays the most prominent part in all the descriptive 
matter in this book, is not only the high-road to Ireland 
as far as Holyhead, but its large fleet of steamships are 
exclusively employed in conveying traffic to and from Irish 
ports, and run in connection with Irish trains ; nay, more 
than this, a part of the London and North-Western per- 



VARIOUS MODERN LOCOMOTIVES. 



317 



manent way is actually laid on Irish soil, and is worked 
over by Crewe locomotives. It is therefore difficult for a 
London and North-Western man to consider Ireland as 
anything but a part of his own country, and his Irish fellow 
railway-servants as any but his own countrymen. 

One of the most important lines in Ireland is the Great 
Southern and Western Railway, the locomotive department 
of which was, until recently, engineered and superintended 
by Mr. Henry A. Ivatt, who — like his predecessor, Mr. 




Fig. 148. 

Aspinall, now general manager of the Lancashire and 
Yorkshire Railway — received his professional training on 
the London and North-Western Railway. Both of these 
gentlemen have done much to raise the locomotive depart- 
ment of the lines with which they are associated to a very 
high standard of efficiency. Mr. Ivatt is now locomotive 
engineer to the Great Northern Railway, and Mr. Coey has 
succeeded him on the Irish line. 

Fig. 149 is an illustration of the standard express 
passenger engine running on the Great Southern and 
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Western Railway, and the following are its principal 
dimensions — 

Cylinders, i8 in. diameter, 24 in. stroke. 

Wheels : bogie, 3 ft. diameter ; driving and trailing, 6 ft. 6 in. 

coupled. 
Wheel-base : bogie, 5 ft. 3 in. ; bogie to driving-wheel, 9 ft. 6| 

in. ; driving to trailing-wheel, 8 ft. 3 in. 
Boiler, 4 ft. 3 in. diameter, by 9 ft. 9 in. long, with 204 brass 

tubes, if in. outside diameter. 
Fire-box, 4 ft. 10 in. long, 3 ft. 1 1 in. wide, 5 ft. 9 in. high. 




Fig. 149. 

Healing surface: fire-box, 112 sq. ft.; tubes, 938 sq. ft. j 

grate area, 18 j sq. ft. 
Weight, 39 tons 4 cwt ; steam pressure, 150 lbs. 
Tender : Capacity of tank, 2,700 gallous ; carrying 3 tons of coaL 

The boiler and frame-plates are of steel, and the cylin- 
ders are cast in one piece, the back covers being a portion 
of the main casting. The engine is fitted with the automatic 
vacuum brake. 
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The maximum load taken is eighteen six- wheeled coaches, 
and the fastest run is with the American mail from Dublin 
to Queenstown, 177 miles, in four hours. This train has 
two stops of five minutes, the longest run without a stop 
being 70 miles. The same engine works through from 
Dublin to Queenstown. 

With an average load of nine vehicles, the consumption 
of coal is 28 lbs. per mile, and of oil 23 pints per 1000 miles. 
The average miles run between shop repairs is 63,500. 

The standard goods engines have six coupled cast-iron 
wheels of practically the same description as those illustrated 
in Fig. 88. Indeed, these engines, although they have larger 
wheels, are in outside appearance altogether very like the 
London and North- Western coal engine, illustrated in Fig. 
106. The following are various details of their construction 
and working — 

Cylinders, 18 in. diameter, 24 in. stroke. 

Wheels, 5 ft. diameter, 6 coupled. 

Wheel base : leading to driving-wheel, 7 ft. 3 in. ; driving to 

trailing- wheels, 8 ft. 3 in. 
Boiler, 4 ft. diameter, 9 ft. 10 in. long; 185 brass tubes, if in. 

outside diameter. 
Fire-box, 4 ft. 6 in. long, 3 ft. 11 in. wide, 5 ft. 4 in. high. 
Heating surface : fire-box, loi sq. ft. ; tubes, 856 sq. ft. ; grate 

area, iji sq. ft. 
Weight, 31 tons 5 steam pressure, 150 lbs. 
Fitted with automatic vacuum brake. 

Limit of load for main line, 45 loaded waggons or 55 
empty. 

Gradients (except terminal inclines), three miles of i 
in 128; four miles of i in 151; five miles of i in 
140, etc 

Consumption of best South Wales coal, with an average 
load of 27*2 waggons, equal to 30 lbs. per mile. 

Oil used, including cylinder oil, 21 pints per 1000 miles. 
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The Great Southern and Western side-tank engines used 
for working branch passenger trains have the following 
dimensions — 

Wheels : driving coupled, 5 ft. 6 in. diameter ; trailing and lead- 
ing, 3 ft. 9 in. diameter (radial axle-boxes). 
Wheel base, 19 ft. 11 in. 
Cylinders, 16 in. diameter, 20 in. stroke. 
Water-tank, capacity 1250 gallons. 
Coal bunker, 50 cwt. 

Boiler, 3 ft 10 in. diameter, 9 ft. 4 in. long ; 174 tubes. 
Heating surface : fire-box, 88*5 sq. ft. ; tubes, 770 sq. ft 
Fire-grate area, 16 sq. ft. 
Weight of engine, 42 tons 16 cwt. 
Steam pressure, 150 lbs. 
Fitted with automatic vacuum brake. 

In connection with the Great Southern and Western Rail- 
way main line, there are light railways worked by engines 
with the following dimensions — 

Wheels, 3 ft. 8 in. diameter, 6 coupled ; wheel base, lo ft. II in. 
Cylinders, 10 in. diameter by 18 in. stroke. 
Capacity of tank. 550 gallons ; carrying 12 cwt. of coal. 
Boiler, 2 ft. 9 in. diameter, by 7 ft. 9 in.. long ; 102 tubes. 
Heating surface : tubes, 310 sq. ft. ; fire-box, 52 sq. ft ; grate 

area, 10 sq. ft. 
Weight, 23 tons 7 cwt. 

These engines are also fitted with the automatic vacuum 
brake, which acts upon all the wheels. The weight on any 
one pair of wheels is limited to eight tons, and they work 
over gradients of i in 60. 

It may be of interest to some of our readers to close this 
chapter with a list of all the railway companies in the 
United Kingdom, showing the length of each line, the 
name of the locomotive superintendent, and the number of 
engines owned by each company at the end of the year 1899. 
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ENGLISH RAILWAYS. 





hJ 


LOCOMOTIVE 


§11 


APPROXI- 
MATE 
YEARLY 
MILEAGE. 


REMARKS. 


RAILWAY. 


•J 


8UPBRINTBNOBNT. 


§§§ 




Great Central 


455 


H. PoUitt 


900 


10,912,936 




Great Eastern 


985I 


J. Holden 
H. A. Ivatt 


1008 


22,404,340 




Great Northern 


682 


1151 


30.706,557 




Great Western 


2600 


W. Dean 


2504 


57 000,000 




Lancashire and Yorkshire 


557i 


H. A. Hoy 
J. W. Webb 
D. Drummond 


1268 


33,500,000 




London and North- Western 


1912^ 


2900 


71.635,531 
24,908,589 




London and South- Western 


985* 


707 




London, Brighton and South 












Coast 


476i 


R. J. Billington 


46s 


14,500,000 




South-Rastem, and Chat- 












ham and Dover 


573 


H. S. Wainwright 


669 


19,460,488 




Midland 


1367* 


S. W. Johnson 


2385 


63,500,000 




North-Eastern 


1633 


W. Worsdell 


";i 


50,019,025 




Barry 


n 


J. H. Hosgood 


1,960,471 




Bishops Castle 




a 


20,328 




Brecon and Merthyr Tydfil 












Junction 


%\ 


0. C. Owen 


» 


1 




City and South London ... 


P. Y. McMahon 


32 


470,700 


Electric. 


Cheshire Lines Committee 


139 


H. PoUitt 






Worked by G. 
C. Railway 


Cleator and Workington 










Junction 


28^ 


J. Taylor 


5 


32,000 




Cockermouth, Keswick 










Worked by L. 


and Penrith 


3ii 








andN.-W.and 
N.-E. Co.'8 


Colne Valley and Halstead 


19 




4 


103,4^8 


engines. 


Cambrian 


257 


W. Aston 


» 




Corris 


II 


J. R. Dix 


3 


25,822 




East and West \ 
Yorkshire Union / 


9 


S. W. Meyer 


6 


9.933 




East and West, and \ 












Stratford-on-Avon, 1 

Towcesterand Midland | 

Junction J 

Festiniog 


52 


J. F. Burke 


* 


1 




14I 


W. Williams 


9 


»03,749 




Freshwater, Yarmouth and 










Worked by 


Newport 


12 








Isle of Wight 
CentraL 


Furness 


139 


W. F. Pettigrew 


124 


21363,534 
17,870 




Garstang and Knot End ... 


7 


J. Stirzaker 


a 




Gwendraeth Valley 


el* 










Hull and Barnsley 


M. Stirling 


84 


9,494,6w 




Isle of Man 


27 


J. Sproat 
H. Brent 


I 




Isle of Wight 


14 
4I: 


280^162 




Isle of Wight (Central) ... 
Liskeard and Caradon ... 


C. L. Conacher 


9 




^7 


S. W. Jenkins 


3 


1 




London and India Docks 


2 








Worked by 
Great E. Co. 


London, Tilbury, and South 












End 


81 


T. Whitelegg 
S. B. Cottrell 


50 


1,978,073 




Liverpool, Overhead 


6i 


46 


749,060 


Electric Mo- 
tors for traction 


Total ... 


13.346J 




16,466 


409,349,678 



* No information as to engines 



t No information as to miles run. 
Y 
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ENGLISH RAILWAYS (continued). 



RAILWAY. 


H 


LOCOMOTIVE 
SUPERINTENDENT. 


z « 


APPROXI- 
MATE 
YEARLY 
MILEAGE. 


REMARKS. 


Brought forward 


13,346* 




16,466 


409.349,678' 




Lee on the Solent ... 


3 




z 


15,000 
















and East Coast 


ssi 


W. Greenhalgh 


20 


383,190 




Lynton and Barnstaple ... 
Manx Northern 


20 


J. H. Pearce 
D. McDowall 


4 


63,622 




16 


A 


98,000 




Maryport and Carlisle ... 
Mawddwy 


% 


W. Coulthard 


560,000 






2 


19,000 




Mersey 


4 


H.Wood 


18 


Z50000 




Manchester and Milford .. 


4ii 


Sir Jas. Szlumper 


6 


131,693 




Manchester South Junction 












and Altrincham 


9 


H. PoUitt 






Worked by 

Great 
Central Co. 


Metropolitan 


64 


T. F. Clarke 


80 


3» 200,000 




Metropolitan District ... 


13 


G. Estall 


54 


z,7so,ooo 




Midland and South- Western 












Junction 


62 


J. Purkiss 


24 


620,000 




Neath and Brecon 


40 




7 


• 




North London 


12 


H. J. Pryce 


113 


2,770,000 




Northampton and Banbury 










Worked by L. 

and N.-W. 


Junction 


15 


















Railway Co. 


North Wales Narrow 












Gauge 

North Wales and Liverpool 


12* 


G. C. Aitchison 


3 


32,228 




H 


F. WiUUras 


7 


306,692 


Worked by 
Wrexham, 
Mold, and 






















ConnahsQuay 












Railway, the 












engines being 












hired from the 












Gt. Central Co. 


North Stafford 


203 


L. Longbottom 


15s 


3,800,000 




Oldham, Ashton-under- 










Worked by 
L. and N.-W. 


Lyne and Guide Bridge 


15 


















and G. C. Co. 


Port Talbot Railway and 












Dock Company 

Rhondda and Swansea 


35 


W. J. Hosgood 


x8 


350,000 




Bay 


as 


H. G. Unsworth 


19 


^20,000 
1,800,000 




Rhymney 


'H 


C. Lundie 


86 






2 


z9,6oo 




Swansea and Mumbles ... 


6 




5 


54|000 




Southwold 


9 


H. Came 


4 


28,500 




TaffVale 


121 


T. H. Riches 


3,759,516 




Wirral 


9 


E. G. Barker 


zz 


345,548 




Wigan Junction 


"i 








Worked by 

Great 
Central Co. 












Wrexham and Connah's 












Quay 


26 


F. Williams 


z8 


329,613 




Total ... 


14,293* 


t7,3S2 


430,355,880 





* No information as to miles run. 



VARIOUS MODERN LOCOMOTIVES. 



323 



SCOTCH RAILWAYS. 



RAILWAYS. 




LOCOMOTIVE 
SUPERINTENDENT. 


ill 


APPROXI- 

MATE 
YEARLY 
MILEAGE. 


KEMARKS. 


Caledonian 

Glasgow and South- 
western 

Great North of Scotland 

Highland 

North British 


374 


J. F. Mcintosh 

J. Manson 
W. Pickersgill 
P. Drummond 
M. Holmes 


811 
360 

ZZ2 


27,3XX,Z24 

z 1,000,000 

3,861,833 
4.225,484 

26,462,x55 




Total ... 


3.443i 


3,180 


72,860,596 
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,f, X 




u.^d 


i^H^^ 




RAILWAYS. 




LOCOMOTIVE 
SUPERINTENDENT. 


g w 


2S 1 


REMARKS. 






ggo 


25*^2 




Ballycastle 

Belfast and County Down 


z61 
76} 


G.F. M. Bradshaw 
R. G. Miller 


3 
29 


^^ 




Belfast and Northern 












Counties 


249 


B. Malcolm 


73 


2,024,330 




Cork Bandon and South 












Coast 


n 


J. W. Johnstone 
M. J. Keen 


x8 


538,000 




Cork and Macroom 


4 


xo3,539 




Cork, Blackrock and 












Passage 

Donegal 


7?i 


J. G. Robinson 
R. H. Livesey 


3 
9 


71,67^ 
3oz,696 




Dublin, Wicklow and 












Wexford 


^44 


R. Cronin 


64 


1,394,240 




Fishguard and Rosslare ... 


9} 


R.'Coey 
C Clifford 


3 


40,000 




Great Northern of Ireland 


493 


147 


4,6o6,96z 




Great Southern and 












Western 


673 


R. Coey 


Z93 


3,500,000 




Londonderry and Lough 












SwiUy 


3» 


F. Miller 


6 


130,000 




Midland and Great 












Western 


538 


M. Alcock 


Z37 


3,078,788 




Sligo,Leitrim and Northern 
Counties 












43 


S. Murphy 


zo 


135,052 




Waterford and Central . 












Ireland ...^ 


67 


H. Coulan 


zz 






Waterford, Limerick and 












Western 


35o| 


J. G. Robinson 
H. Waugh 


58 


1,480,450 




Waterford and Tranmore 


4 


42,235 




Total ... 


a,897l 


760 


x7»aS5f7a4 
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CHAPTER XIV. 

TENDERS. 

The present familiar form of tender which runs on six 
wheels is the development of a very much more primitive 
arrangement that carried the coal and water for the earlier 
types of locomotives. 

The original plan was to carry the coal on a waggon, 
which also carried the feed-water in a barrel, and was 
attached in the usual way to the locomotive by a coupling- 
chain with intermediate buffers, leaving a gap over which 
the driver and fireman had frequently to step. The waggon 
gradually gave way to a four-wheeled tender, which carried 
the water in an iron tank fitted with a brake. 

As weight and speed increased, it was found necessary to 
carry larger supplies of coal and water, and tenders are now 
invariably mounted on six wheels, and are constructed to 
carry a large tank for storing the feed-water for the boiler, 
as well as the coal for the engine furnace, and are fitted 
with a powerful brake acting upon all the wheels. The 
brake is operated by a hand-screw gear, worked by the fire- 
man, but the power for working it may also be derived 
from any one of the following sources — 

I. By steam from the boiler, as explained in chap, viii., 
p. 170. 
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2. By vacuum from a reservoir connected with the 

automatic brake apparatus, as explained in chap. 
XV., p. 341. 

3. By compressed air from a reservoir connected to the 

Westinghouse brake apparatus, as explained in 
chap. XV., p. 350. 

When any one of these three methods is employed, it 
invariably only supplements the hand-gear, which must 
always be kept in good working order, and available for use 
in case the other means of applying the brake fail to act 
from any special cause. 

Tender wheels are usually about 3 ft. 9 in. to 4 ft. in 
diameter, and are made of steel or wrought-iron with steel 
tyres and axles, manufactured and put together in the same 
way as locomotive wheels. 

The framework of the tender consists of plates, kept in 
position by cross-stays, and a foot-plate at the leading end 
which adjoins the foot-plate of the engine. The frames are 
fitted with horn-blocks for the reception of the axle-boxes, 
and the weight is carried by springs above the axle-boxes 
in the same manner as the spring, illustrated in Fig. 90, p. 
158, carries the weight of a locomotive. 

The tank for the feed-water rests directly on the frame- 
work of the tender. The sides and back of the tender are 
usually formed by the outer plates of the tank, the coal 
being stored in a recess between the two side portions of 
the tank and on the top of the back part of the tank. The 
tank is made of iron plates a quarter of an inch thick. Some- 
times it has no recess or ** well " in the centre, but extends 
across the whole width of the tender frame; it is then 
shallower, and the sides and back of the tender rise some 
distance above the top of the tank, upon which the coal is 
stacked. 

The tender is secured to the engine by a single draw-bar, 
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which has a pin passing through it and the foot-plate of the 
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"^; "^ 
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engine. There are short buffers between the engine and 
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tender, and these should be slightly in compression when the 
two are coupled together, so as to hold engine and tender 
firmly together and without any play between the buffers. 
Side chains are provided in case the draw-bar should break. 

A sheet-iron plate hinged to the foot-plate of the tender 
is let down on to the foot-plate of the engine, thus covering 
the space between them and forming a continuous floor 
common to engine and tender. 

An illustration of a modern form of tender axle-box is 
shown in Fig. 150, and may be thus briefly described — 

J is the journal of the axle, and B the step or bearing 
made of brass, phosphor bronze, or gun-metal, beneath which 
the journal revolves. With this form of bearing, as is the case 
with other tender and rolling stock axles, the bearing surface 
only extends over about a third of the circumference of the 
axle, as shown at a, ^, c (see transverse section). No other 
part of the axle-box touches the journal. 

The axle-box itself is made of cast-iron. It fits in the 
tender horn-plates between the dotted lines (XX), and is 
kept in position by flanges. The portion forming the 
journal fits into the cast-iron axle-box (AB) immediately 
below the casting (Z), which forms a kind of tray from 
which the oil is guided through the passages (/ ^), by 
means of trimmings, on to the journal, and into the lower 
part of the axle-box. 

The weight is transmitted at Y through the top of the 
axle-box casting (Z) and bearing (B) on to the journal by a 
spring fixed above the axle-box at the point Y. The spring 
is attached at either end by links or suitable means to the 
framework of the tender. 

The front of the axle-box is a cast-iron plajte (FP), which 
is held to the axle-box by studs fixed in the lugs (L) in 
the casting. These studs pass through corresponding lugs 
in the cover-plate (FP), which thus forms a close joint 
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round the front edge of the axle-box, as shown in the 
section at VV, and constitutes one of the sides of the 
oil chamber. The oil is prevented from escaping at the 
other side of the axle-box by the ring (R), which abuts 
against the boss (W) of the wheel. This ring is kept in 
position by a spring in the groove (G) in the axle-box casting, 
into which the ring (R) is fitted. A completely oil-tight 
chamber in which the journal revolves is thus formed, and 
it should be always kept quite full. This can be done by 
unscrewing the set screw (SC), and pouring oil through the 
hole in the top of the casting. The oil finds its way 
through the passages (/ /) on to the top of the axle, and 
through the groove {g) into the chamber. 

These axle-boxes require very little attention compared 
to an ordinary trimmed bearing ; and so long as they are 
kept full of oil, they cause little or no trouble, and are 
not liable to heat and cause failure. 

The usual weight of a modern main line tender in 
working order, with its maximum complement of coal and 
water, is from thirty to thirty-five tons, but this varies 
according to the class of work the engines are engaged 
upon. When long runs are made without stops, the tenders 
must be able to carry large supplies of coal and water, 
although this axiom does not apply in the matter of water 
to the London and North- Western and the Lancashire and 
Yorkshire tenders, as they are fitted with an apparatus for 
taking up water while running, and are therefore of lighter 
construction than those of other companies, who are 
dependent for their water supply upon the places where the 
trains stop. 

A London and North- Western Railway tender in working 
order weighs 25 tons when it has on board 1800 gallons of 
water and four tons of coal. A Midland express passenger 
tender weighs 36 tons with only 3 J tons of coal, but then 
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it has to carry a sufficient water supply to take it from start 
to stop on the longest runs made. Midland tenders, there- 
fore, have a tank capacity of 3250 gallons, or nearly 
double that of a London and North- Western tender. 

The following table "gives .some comparative figures 
dealing with the size and weight of the tenders of certain 
railway companies. The weight should as far as possible be 
adjusted so as to fall equally on each axle-box — 





I 


2 


3 






AMOUNT 




RAILWAY. 


TANK 


OF COAL 
CARRIED FOR 


WEIGHT 
IN WORKING 




CAPACITY. 


WEIGHT 

GIVEN IN 

COL. 3. 


ORDER. 




GALLONS. 


T. C. Q. 


T. C. Q. 


London, Brighton & South-Coast 


2,250 


200 


27 7 


Midland 


3,250 


3 10 


36 I I 


Caledonian 


2,850 


— 


33 9 


Great Northern 


2,800 


— 


34 18 3 


Great Eastern 


2,640 


300 


30 12 


Manchester, Sheffield & Line. ... 


3.080 


400 


35 


North-Eastem 


3.940 


400 


40 I 


London, Chatham & Dover 


2,600 


4 15 


34 3 


London & South-Westem 


3.000 




32 


Great Western 


3,000 


2 10 


32 


London & North-Westem 


1,800 


400 


25 



The difference in the weight of the London and North- 
western tenders compared with those of other lines is 
very marked, and of course these light tenders mean a very 
appreciable diminution of the dead weight to be hauled, 
and consequent reduction in working expenses. 

The troughs from which the water supply for London 
and North-Westem engines running on the main line is 
obtained are about 500 yards in length, and are 17 in. 
wide by 6 in. deep. They are laid down between the rails 
in the centre of the 4 ft. 8J in- gauge, and the normal 
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depth of the water in them is 4 in., the supply to the 
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troughs being kept up by valves which open automatically 
and refill the troughs when the normal depth is lowered. 

Seventy yards from each end of the trough the bottom 
slopes upwards towards the end of the trough, at which point 
it is level with the top of the sides. The gradient of the line 
follows this slope, so that practically the bottom plate of the 
troughs is at all points, whether in or out of the water, the 
same distance below rail level. A section of a London 
and North-Western tender, fitted with the " pick-up 
apparatus," is shown in Fig. 151.^ 

By means of the handle (H) the scoop (C) is lowered, by 
the engine-man, into the trough, and the speed of the train 
forces the water through the scoop into the pipe (P), from 
whence it passes into the tank (T). When the tank is full 
the scoop is again put into the out-of-gear position in which 
it is above and clear of the troughs. Should the driver 
neglect to replace the scoop in its normal running position 
before the engine has passed over the troughs, the de- 
creased pressure of water, owing to the slope of the trough, 
gradually allows a balance weight, fixed to the gear, to 
automatically move the scoop into its normal position. 

^ This illustration appears in The Working and Management of an 
English Railway^ and is reproduced by kind permission of the executors 
of the late Sir Geo. Findlay. 
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CHAPTER XV. 

BRAKES. 

When railways were in their infancy, and indeed until 
comparatively recent times, the only brake power available 
for checking the speed and stopping trains, was the hand- 
brake on the engine — worked by the engine-man — assisted 
by the hand-brake in the van worked by the guard. 

The earlier forms of hand-brake were of an inferior 
description. Those on the guards' vans were similar in con- 
struction to the present form of hand lever brake used on 
goods waggons. When the guard wished to apply the brake 
he had to get out of his van and stand on the lever. 

This old-fashioned contrivance gradually gave way to 
improved forms of hand-brakes, in which the power was 
applied to the wheels by a screw acting upon levers. 

For a long period, during which the weight and speed of 
trains continued steadily to increase, there was no correspond- 
ing increase in the brake-power under the control of the 
men in charge of the train, although there was an improve- 
ment in the hand-brakes, both on the locomotives and rolling 
stock. 

As railways multiplied and the traffic increased on the 
different lines, serious accidents were of frequent occurrence, 
and it was seen that a large percentage of these accidents 
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might have been avoided if the trains had been supplied 
with brakes capable of stopping them more quickly. 

About the year 1873 the brake question came very 
prominently to the fore, and the expediency of fitting all 
passenger trains with a continuous brake acting upon every 
vehicle of the train became generally recognized. Subse- 
quently it became apparent that such a brake ought to be 
under the immediate control of the driver and guard, either 
of whom should be able to apply it instantaneously to its 
fullest extent in case of emergency. 

About this period there were a number of continuous 
brakes brought out. Among the most important were — 

Clarke & Webb's chain brake. 

Smith's vacuum brake. 

The Westinghouse vacuum brake. 

The Westinghouse air brake. 

The London and North-Western Railway Company led 
the way in grappling with the continuous brake question. 
Having by many trials and experiments satisfied themselves 
upon the efficiency of the Clarke & Webb brake, they set to 
work to fit up their stock with it. 

The principle upon which this brake was constructed was 
the utilization of the power developed by the momentum of 
the train to actuate the brake for stopping it. 

A friction pulley fixed to the axle of the guard's van 
revolved with the axle. A loose pulley, to which a drum or 
windlass was attached, depended from the frame-work of the 
van. Connected to this drum was a chain extending 
underneath the carriages and attached to levers actuating 
the brake-blocks. 

To apply the brake a lever in the van was lowered, and 
this brought the two friction pulleys together. The revolving 
pulley on the axle caused the loose pulley to revolve and 
so wind the chain on the drum, thus pulling on the brake 
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levers under the carriages and applying the brake-blocks to 
the tyres. When the chain was wound tight the loose 
pulley stopped revolving, and was held in position by friction 
with the pulley on the axle, which continued to revolve so 
long as the train was in motion. 

The chief argument against this brake was the liability of 
the chain to break and so render it useless, and in case of 
the train parting between the vehicles the brake-power was 
at once destroyed from the same cause. 

To utilize the force developed by the train itself for the 
purpose of checking the speed of the train is certainly a good 
principle theoretically. The power developed by a train 
running at a high speed is enormous, and so long as it is 
required to keep the train moving, this power is doing good 
service and rendering assistance to the working of the 
engine ; but when a stop has to be made, the power derived 
from the impetus of the train not only ceases to be of 
service, but is counteracting the object in view, namely, 
the stoppage of the train. 

Messrs. Clarke & Webb's chain brake therefore possesses 
the double advantage of putting this superfluous energy to 
good use, and of obviating the necessity of producing 
further power to act against and bring under control a force 
that is otherwise being entirely thrown away. 

Trains fitted with this brake were divided into sections, 
each under control of one van. This was to prevent one 
set of friction pulleys acting on too long a length of chain, 
it being found that five or six vehicles coupled to one van 
gave the most satisfactory results. The driver had control 
over a section of the continuous brake by means of a cord 
passed over the top of the carriages from the brake lever in 
the van on to the foot-plate. After the London and 
North- Western Railway Company began to fit up their 
trains with the chain brake, they soon had more vehicles 
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fitted with a continuous brake than any other line. It did 
not, however, act on the engine, and Mr. Webb at the same 
tirae fitted the engines and tenders with powerful steam 
brakes, which are still in use, and will be found fully 
described on p. i66. 

The chain brake has done excellent service on the London 
and North-Westem Railway, and the number of its failures 
reported to the Board of Trade compared very favourably 
with other contemporary forms of continuous brake. 

As has been mentioned, the brake was not entirely 
automatic in its action, and in case of a break loose in 
the middle of a section, it became useless on that section, 
but the earlier forms of compressed air brake and vacuum 
brake were not automatic at all. 

These two latter have since been greatly improved and 
made thoroughly automatic, and as they comply with the 
present requirements of the Board of Trade in this respect, 
the chain brake has now been practically abandoned, 
although it is still admitted to be one of the best forms of 
brake for short close-coupled trains. Indeed, it was only 
under pressure that the North London Railway Company 
removed it from the stock and replaced it with the automatic 
vacuum brake. 

The brake question has passed through various phases 
since the year 1873, and the final result has been that the 
automatic vacuum and the Westinghouse compressed air 
brakes are practically the only two left in the field. These 
at present divide the honours, both of them having staunch 
supporters among the leading railway companies throughout 
the civilized world. 

It is a pity that there should be two brakes in the field, as 
with passenger rolling stock it is almost as important for the 
brake gear as for the gauges to be common to all companies. 
Where vehicles have to run over lines using different brakes. 
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such vehicles have to be fitted both with the vacuum and 
the Westinghouse brake, an expense which would be 
avoided were all railway companies unanimous in the 
matter of continuous brakes. 

The following are the most important qualifications that 
should be possessed by a continuous brake, and are claimed 
for the automatic vacuum and Westinghouse brakes — 

1. To be practically instantaneous in its action, and to 
apply itself over the whole length of the train and on 
the engine at the same time. 

2. To be capable of being worked upon trains of any 
length without difficulty ; the guards and engine-driver 
each to have equal facility for instantaneously applying 
the brake. 

3. To be automatically available on any detached portion 
of the train, although separated from the source from 
which its power is derived. That is to say, if the 
train breaks loose and the couplings between any 
portion become detached or broken, the brake to 
instantaneously apply itself on both portions. 

4. To be absolutely certain in its action. 

With both the Westinghouse and automatic vacuum 
brakes there is under each carriage a reservoir and a cylinder 
in which is a piston connected to the brake lever, and the 
brake is actuated by air pressing on this piston. 

In the case of the Westinghouse brake, air at a pressure 
of 75 to 80 lbs. per square inch is pumped from the engine 
through a pipe extending throughout the train into each 
reservoir, and is maintained at this pressure both in reservoir 
and train-pipe while running. When the pressure is released 
from the train-pipe the reservoir is automatically cut off 
from the train-pipe and is placed in communication with 
the cylinder and made to act upon the piston, which it 
forces outwards and thus applies the brake. 



BRAKES. 337 

With the vacuum brake the cylinder is usually placed 
vertically, and the air is exhausted from the train-pipe, 
reservoir, and cylinder above and below the piston to the 
extent of 20 in. of vacuum. To apply the brake, air is 
admitted into the train-pipe, and enters the cylinder below 
the piston. The admission of air to the train-pipe auto- 
matically cuts it off from the reservoir, and the portion of 
the cylinder above the piston, which is forced upwards by 
atmospheric pressure, and actuates the brake-blocks. 

It will thus be seen that with the vacuum brake the 
pressure on the pipes is external^ being the atmospheric 
pressure acting in obedience to the law that nature abhors a 
vacuum, and with the Westinghouse brake the pressure is 
internal^ being that of compressed air acting against the 
normal atmospheric pressure outside the pipes. 

The pressure in the one case is obtained by a small 
donkey pump, which is fixed on the engine, and pumps air 
into the train-pipe, cylinders, and reservoir. 

The vacuum in the other case is created by an apparatus 
called the ** ejector^* which by the action of a jet of steam 
is made to exhaust the air from train-pipe, cylinders, and 
reservoir. 

Of the two brakes the one most favoured in this country 
is the automatic vacuum, as will be seen by the following 
list showing the kind of brake used on all the railways in 
the United Kingdom. If we go outside our own domains 
we find, however, that in most other parts of the world 
the majority is considerably in favour of the Westinghouse 
brake, and it is remarkable to note that it entirely holds 
the field in North America. It may, however, at the same 
time be borne in mind that the Westinghouse brake is an 
American invention. 

The following table is an abstract from the Board 
of Trade Returns, showing the number of engines fitted 

z 
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with various kinds of continuous brakes, and the class of 
brake used on different railways in the United Kingdom 
for the six months ending June 30, 1899. 





Name of Railway Company. 


Stock fitted. 






Engines. 


Carriages, &c. 


Numb<rr 
of 


Name of 
Brake. 


Fitted 

with 

Brakes. 


Fitted 
with 
appar- 
atus for 
working 

the 
Brakes. 


Fitted 

with 

Brakes. 


Fitted 
with 


thousands 

of miles 

run by 

trains 

fitted. 














Automatic 


Alexandra (Newport and South 












Vacuum. 


Wales) 


z 


— 


4 


— 


6 




Barry 


12 


xo 


127 


6 


182 




Brecon and Merthyr 


14 


a 


57 


13 


98 




Cambrian .... 


70 


— 


317 


98 


576 




Cheshire Lines 




— 


565 


X 


988 




Corris 


3 


— 


9 


— 


8 




Festiniog 


9 


— 


45 


18 


28 


• 


Furness 


54 


— 


340 


26 


378 




Great Central .... 


Itl 


2 


1,625 


38 


2,116 




Great Northern 


— 


3.789 


967 


5,906 




Great Western 


750 


— 


6,617 




12,093 




Hull, Barnsley and West 














Riding Joint 


53 


— 


248 


25 


226 




Lambourne Valley . , 


3 


— 


5 




18 




'>o53 





3,889 





6,280 




Lancashire, Derbyshire and 














East Coast .... 


13 


— 


75 


9 


1 




Lee-on-the-Solent . 


I 


— 


3 






Liskeard and Caradon . 


3 





4 





5 




London and North- Western . 


1,811 


— 


8,731 


^ 






London and North-Westem 








1 


12,621 




and Caledonian (West Coast 








f 




Joint Stock). 


— 


— 


449 


- J 






London and South-Western . 


627 


47 


4,010 


23 


8,899 




Manchester and Milford 


4 




13 


4 


29 




Manchester South Junction 














and Altrincham . 


II 





^35 





123 




Maryport and Carlisle . 
Mawddwy .... 


15 


— 


68 


16 


100 




z 


— 


2 


— 


9 




Mersey 


18 


— 


97 


— 


150 




Metropolitan .... 


78 


— 


399 


16 


1,167 




Midland 




1,418 


5,"8 


58s 


8,749 




Midland and Great Northern . 


— 


65 


77 


187 


490 




Midland and South-Western 














Junction .... 


4 


II 


67 


19 


209 




Neath and Brecon . 


6 


— 


14 




15 




North London 


87 


— 


732 


— 


953 




North Staffordshire 


68 


82 


ii8 


74 


735 




Rhondda and Swansea Bay . 


18 


— 


79 


3 


62 




Somerset Joint Committee 


— 


66 


189 
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South-Eastem . . . . 1 


445 


— 


2,455 


15 


3,700 


TafFVale . . . .| 


80 


— 


307 


17 


280 




West Somerset Mineral . . | 


I 


— 


2 




3 
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Name of Railway Company. 


Stock fitted. 






Engines. 


Carriages, &c 


Number 
of 


Name of 
Brake. 




Fitted 
with 






thousands 
of miles 






Fitted 

with 

Brakes. 


appar- 
atus for 
working 

the 
Brakes. 


Fitted 

with 

Brakes. 


Fitted 
with 


run by 
trains 
fitted. 


Automatic 


Wirral . . . 


XI 





64 


X 


13s 


Vacuum. 


Wrexham, Mold and Connah's 














Quay 


21 


— 


34 


z 


49 




Glasgow and South-Wcstem . 


162 


— 


1,224 


— 


2,253 




HighUnd .... 


121 


— 


414 


391 


919 




North British .... 


9 


— 






12 




Port Patrick and Wigtown- 














shire Joint .... 


2 


— 


z 


— 


30 




Ballinascarthy, &c. 
Belfast and County Down 


3 


— 


4 


— 


7 




29 


.— 


182 


37 


30a 




Belfast and Northern Counties 


70 


— 


III 


13 


594 




Cavan and Leitrim . 


8 


— 


7 


50 




Cloghcr Valley 
Cork and Macroom 


6 


— 


19 




5X 




4 


— 


21 


— 






Cork and Muskerry Light . 


7 


— 


21 


6 


58 




Cork, Bandon and South 














Coast 


17 


— 


80 





142 




Cork, Blackrock and Passage. 


1 


— 


15 


z 


il 




Donegal . . . . . 


3 


ICO 


5 




Dublin, Wicklow and Wex- 














ford 


64 


— 


28s 


39 


585 




Dundalk, Newry and Green- 














ore 


6 


— 


22 


— 


39 




Great Northern of Ireland . 


135 


._ 


661 


._ 


1,189 




Great Southern and Western . 


188 





6x6 


__ 


x,33o 




Londonderry and Lough 














Swilly 


5 


— 


26 


10 


62 




Midland Great Western . 


62 


90 


358 


24 


782 




Tralee and Dingle . 
Waterford and Central Ireland 


5 


— 


54 




55 




8 





36 


6 


77 




Waterford, Limerick and 














Western .... 


53 





168 


70 


405 




WestCarbcry. 




4 


10 




13 




West Clare . . . . 


""s 




96 


7 


77 


Westing- 


Cawood, Wistow and Selby . 
ColneVallevandHalstead . 
East and West Junction . 


z 





2 


__ 


6 


house 


4 





17 





33 


Automatic. 


6 


— 


IX 


13 


61 




Great Eastern. 


6x5 


— 


4,707 


3 


7,255 




Isle of Wight .... 


8 


— 


52 




76 




Isle of Wight Central . . 
London, Brighton and South 


7 


— 


45 


X 


112 
















Coast 


431 





2,999 


2 


4,266 




London, Chatham and Dover 


196 


— 


1,238 


23 


2,192 




Londonderry .... 
London, Tilbury and South- 


4 


— 


25 




23 
















end 


42 


— 
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II 


546 




Metropolitan District . 


54 


— 


368 


.— 


784 




North Eastern 


806 


_ 


3,701 


— 


7,432 




North Wales Narrow Gauge . 


3 


— 


«3 


— 






Ravenglass and Eskdale . 


2 


— 


4 


4 


xo 
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Name of Railway Company. 


Stock fitted. 






Engines. 


Carriages, &c. 


Number 
of 


Name of 
Brake. 


Fitted 

with 

Brakes. 


Fitted 
with 
appar- 
atus for 
working 

the 
Brakes. 


Fitted 

with 

Brakes. 


Fitted 
with 


thousands 
of miles 
run by 
trains 
fitted. 


Westing- 
house 
Automatic 


Rhymney .... 
Caledonian .... 
Glasgow and South-Westem . 
Great North of Scotland 
North British . . . 
Castlederg and Victoria Bridge 

Totals . 

Bishop's Castle 

Sligo, Leitrim and Northern 
Counties .... 


83 

1x8 

375 

3 


4 


86 
2,673 

821 
3,00s 

7 


3 
190 

24 


"4 

4.959 

40 

868 

4,720 

II 




",334 


',734 


66,177 


3,oS2 


111,449 


Clark and 
Webb's 
Smith's 

Vacuum 


5 




4 
IS 


7 


10 
»5 


Totals . . . 


5 


- 


^9 


7 


25 


Total amount of Stock returned fitted with 
Continuous Brakes to December 31, 1898 . 


per cent. 


1734 

or 13 

per cent. 


66,196 

or 95 

per cent. 


3.059 

or 4-4 

per cent. 


"1,474 

or 100 

per cent. 


Amount of Stock fitted with Continuous 
Brakes during the six months ending 
December 31, 1898 


236 

or 2 

per cent. 


21 


1,098 

or I 

per cent. 


55 




Amount of 
tinuous Bn 


Stock NOT FITTED with Con- 
ikes 


. , '♦.763, 
including 1,73^ 
engines fitted 
with apparatus 
for working the 
continuous brake 
or 13 per cent. 


including 3059 
vehicles fitted 
with pipes and 
connections only 
or 5 per cent. 


Thousands 
of miles 
run by 
trains 

NOT 
FITTED, 

226. 



The Westinghouse Brake Company contend that their 
brake is the least liable to failures that may lead to disaster, 
such as the refusal of the brake to work. It is, however, more 
complicated than the vacuum brake, and in the matter of 
minor failures, the reports rendered to the Board of Trade 
are said to show that the vacuum brake, while enjoying the 
same freedom from the responsibility for accidents, gives less 
trouble and causes fewer delays. 

^ The North London Railway Stock (engines and carriages) is now 
fitted throughout with the automatic vacuum brake. 
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The pressure of the external atmosphere against the 
internal vacuum in itself tends to keep the pipes together, 
whereas the outward pressure of compressed air in itself 
tends to rupture the pipes, and with the Westinghouse 
brake there have been a number of delays to trains through 
the accidental bursting of pipes, causing the brake to go 
on throughout the train. These delays have been greatly 
reduced by the stronger pipes now used, and it must be 
borne in mind that all mishaps of this description have 
erred on the side of safety. 

Previous to the introduction of the present system, there 
were compressed air and vacuum brakes, which were non- 
automatic in their character. When an application of the 
brake was desired, the driver had to create the air-pressure 
or vacuum for the purpose. The means to do this were at 
his disposal alone, and the guard was unable to apply the 
brake, which was moreover useless on any part of the train 
detached from the engine. 

We are, however, running rather wide of the mark in 
regard to the brake question, as applied to locomotives, 
and we will now proceed to give a brief description of these 
two brakes so far as they apply to the engine. 

The automatic vacuum and Westinghouse brakes can 
both be fitted to the wheels of the engine and tender, the 
cylinder and brake gear being of the same description as 
that on the carriages. 

The automatic vacuum brake may be thus briefly described. 

The brake-blocks are applied to the wheels by a com- 
bination of levers acted upon by the brake-piston. 

The engine, tender, and each vehicle on the train carries 
its own vacuum teservoir and brake cylinder, which are 
connected with the ejector by a pipe running from end to 
end of the train. 

The ejector upon the engine exhausts the air from the 
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train-pipe, cylinder, and reservoir. When the vacuum is 
raised, all these three parts of the brake gear are in com- 
munication with each other, and the same vacuum in each. 

The brake is applied by admitting air into the train-pipe 
at any point in its length. This may be done by the valves 
provided for the purpose on the engine, and in the guard's 
van, or from any accidental opening of the pipe. 

Directly air is admitted into the train-pipe a small valve, 
at the juncture between reservoir and train-pipe, closes 
automatically, and cuts the reservoir off from the train-pipe. 
The air admitted to the latter does not therefore enter the 
reservoir in which the vacuum is still maintained. 

The connection between the train-pipe and the top part 
of the cylinder above the piston is through the reservoir 
only. 

The air admitted to the train-pipe therefore does not 
enter the top part of the cylinder, which remains exposed 
to the full force of the vacuum in the reservoir. 

Not so the bottom part of the cylinder, w hich has direct 
communication with the train-pipe into which air has been 
admitted. This is therefore the state of affairs upon the 
admission of air into the train-pipe. 

There is a vacuum in the brake cylinder above the piston. 
The atmospheric pressure in the train-pipe acts upon the 
bottom of the piston and forces it up. 

The rod attached to the piston actuates a lever connected 
to an arrangement of pull-rods, and other levers which draw 
the brake-blocks tightly against the tyres of the wheels. 

When the brake has to be released, the driver again 
produces the vacuum by means of his ejector, until the 
vacuum in the train-pipe is the same as th^t in the reservoir 
and at the top of the piston; the small valve between 
reservoir and train-pipe then automatically opens, the piston 
and brake lever fall by their own weight assisted by spiral 
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springs to the " off " position, and the blocks are released 
from the tyres. 

The usual amount of vacuum maintained while running 
is 20 in. below the atmospheric pressure, and directly there 
is a failure to maintain the vacuum from any cause, the 
brake begins to go on. 

The driver is able to regulate the action of the brake in 
accordance with the power required. If a sudden stop is 
wanted he opens the air-valve wide, and the vacuum in the 
train-pipe is altogether destroyed, causing the brake to go on 
to its fullest extent, the whole 20 in. of vacuum acting upon 
the piston, whose surface is about 314 sq. in., giving a 
pressure of about 10 lbs. per sq. in., or a pull of nearly a 
ton and a half on the brake-rod. If a partial application is 
desired, he reduces the vacuum in the train-pipe to 15, 10, 
or 5 in., as the case may be ; and the power of the vacuum 
acting upon the piston is equal to the difference of the amount 
in the reservoir and the amount in the train-pipe. 

Thus, if, when running with 20 in. of vacuum, the driver 
allows it to drop down to 10 in. in the train-pipe, the power 
exerted by the brake is equal to 10 in. of vacuum, or about 
5 lbs. to the square inch. 

The principle of the ejector (which is invariably the 
means of creating the vacuum), as designed by Mr. Webb 
and used on the London and North-Western Railway, is 
shown in Fig. 152. The steam enters the ejector through 
the pipe (SP), and is admitted through the passage (P) to 
the steam-cone (SC). 

It will be seen that this cone gradually diverges, and 
the expanding steam is so guided by this divergence as 
it passes through the cone that the jet discharged into 
the barrel exactly fills it up without the velocity of the 
steam being checked ; the steam therefore in passing 
through the barrel (B) of the ejector, draws the air from 
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behind it, acting in the same way as a piston in the 
cylinder of an air-pump. This action lifts the valve (V), 
and air is drawn through from the chamber (X), which is 
in communication with the train-pipe. The air passes into 
the chamber (Z), round the steam-cone, and thence into 
the barrel (B), and out through the exhaust (E) with the 
steam. At the point D a small drip-valve is screwed into 
the ejector to get rid of any condensed steam which may 
diop from the mouth of the cone. 

VC is the valve-cover screwed into the ejector-case. 
This cover also acts as a guide for the valve (V). 




B 




Fig. 152. 

G is a gland screwed down by the nut (N) on to the 
packing, .which presses on the cone (C), thus making a 
steam-tight joint. 

So long as the steam is passing through the ejector, air 
is being drawn through from the train -pipe, cylinders, and 
reservoirs until the required amount of vacuum is attained. 

This ejector is not used for maintaining the vacuum while 
running after the brake is once released, because of the 
great quantity of steam it uses. The vacuum is kept up 
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after once being created either by a small ejector or an air- 
pump. A small ejector is capable of raising as strong a 
vacuum as a large one, but the passages being smaller, less 
steam is used, and it takes a longer time to exhaust the air 
from the train-pipe ; for this reason it is not suitable for 
creating the initial vacuum, although equally efficient for 
maintaining it when once created. 

The London and North-Western, Great Western, and 
North Stafford Railway Companies use a pump for main- 
taining the vacuum while running. This is a simple form 




B 



Fig. 153. 



of air-pump worked off one of the cross-heads of the 
engine; it gives very little trouble in its management, or 
expense in maintenance, and has the advantage over the 
small ejector of practically using no steam in keeping up 
the vacuum while running. 

Fig* 153 shows the section of a vacuum brake cylinder, 
train-pipe, and connections. Diagram A shows the position 
of the piston at the bottom of the cylinder with the brake 
off. P is the piston, C the cylinder, and R the reservoir 
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which surrounds the cylinder. TP is the train-pipe. The 
air has been exhausted from the train-pipe, reservoir, and 
cylinder. The ball valve (BV), having no pressure on either 
side of it, lies in the recess B, and the connection is opened 
between the train-pipe and reservoir. 

Upon air being admitted to the train-pipe, the vacuum in 
the reservoir at once acts upon the ball (B), drawing it up 
against the sealing of the connection (CO), and closing the 
passage between the reservoir and train-pipe, thus preserving 
the vacuum in the reservoir and at the top of the piston. 
The atmospheric pressure, which has access to the bottom of 
the piston, forces it up in the cylinder into the position shown 
in diagram B, and thus applies the brake by means of the 
piston-rod (PR) which is attached at its lower end to the 
lever actuating the brake-blocks. The shaded part represents 
the train-pipe and the part of the cylinder into which air has 
been admitted to apply the brake. The London and 
North-Western Railway Company, and several other lines, 
had fitted their engines with steam brakes long before the 
introduction of the automatic vacuum brake. By an ingenious 
arrangement, the steam brake is now made to work auto- 
matically with the vacuum brake. The admission of air 
into the train-pipe has always the effect of opening the steam 
valve to the cylinder of the steam brake, which is thus 
applied at the same time as the vacuum brake ; but there 
are various forms of automatic gear for this purpose adopted 
by different locomotive engineers. 

Fig. 154 shows the part of an engine to which the auto- 
matic brake (as arranged by Messrs. Gresham & Craven) is 
fitted, and the following is a description of the arrangement — 

I. Steam valve for turning steam from the boiler to the 
cylinder. — This valve has twp positions, "open" and 
" closed,'' and must always be full opened when running, 
and closed when the engine is in the shed, to avoid 
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condensations in the steam-pipe. By its use the ejector 
may be examined whilst the boiler is under steara. 

II. Combination ejector, — This " ejector " consists of two 
ejectors known as the " large " and *' small," the latter being 
placed inside the former. The small one is worked con- 
tinuously, and is controlled by a small screw steam valve, 
this valve being adjusted to give the required vacuum. The 
large ejector is worked by the admission of steam through a 



r\ 




Fig. 154. 



disc-valve placed underneath the air-valve, and upon the 
same spindle, and is opened by the driver's handle being 
placed in the position marked " Off." The action of both 
is the same, steam is admitted around the cones and passes 
through the ejector barrel at a great velocity, withdrawing 
the air from the train-pipe and cylinders, and carrying it 
along the exhaust-pipe into the chimney of the locomotive. 

To obtain the best vacuum the admission of steam to 
the ejectors should be adjusted, the steam valves only 
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requiring to be slightly opened for the ordinary steam 
pressures. 

The driver's handle (H) has three positions, " Off" being 
the position when it is required to release the brake quickly, 
and in which position steam is admitted to the large ejector. 
In ** Running Position " the large ejector steam-valve and 
air-valves are both closed, and the brake is released slowly 
by the small ejector only, and the vacuum also maintained 
after the brake is released. ** On " is the position for apply- 
ing the brake fully ; the air-valve being open, the air passes 
through the holes in the disc, and applies the brake. The 
range of movement bet\^'een "Running Position" and 
" On " is for regulating the brake, by letting in more or 
less air to apply or increase the power after application, or 
to withdraw the air to release or diminish the power on the 
blocks. 

A small auxiliary pipe is carried from the ejector by the 
side of the train-pipe, and is connected only to the engine 
and tender vacuum chamber. This pipe is in communi- 
cation with the small ejector when the driver's handle is in 
full " On " position, and thereby constantly maintains the 
vacuum on the top of the engine and tender pistons. At 
the top of this pipe is fixed a small valve, by opening which 
the brake can be released on the engine and tender after 
the steam to the ejector has been closed. 

III. Brake cylinder, — This cylinder is self-contained in 
the vacuum chamber as applied to carriages, and is the only 
fitting required. The piston fits freely in the cylinder, and 
is packed with a rolling rubber ring, which, when the piston 
moves, rolls between it and the cylinder, making a perfect 
packing without friction. The piston-rod is coated with 
brass, and works through a brass bush, and a packing 
rubber prevents air passing the rod. 

At the bottom of the cylinder is attached the ball-valve^ 
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the branch of which is connected by a small hose-pipe to 
the train-pipe. This valve is of the most simple construction, 
as there is only one moving piece ; and that being a small 
brass ball, having a rolling action in a horizontal position, 
has consequently no friction. 

The spindle with release lever is added for the purpose of 
withdrawing the ball from its seat, when it is required to 
release the brake by hand. This spindle is made air-tight 
by a small diaphragm, the pressure on which, when a 
vacuum is created, pulls in the spindle, and allows the ball 
to go freely to its seat. 

IV. Drivers vacuum gauge, — The driver's vacuum gauge 
has two pointers, one on the left marked " train-pipe," and 
one on the right ** vacuum chamber," both indicating the 
vacuum carried. When the brake is applied, the pointer on 
the left indicates the amount of vacuum remaining in the 
train-pipe and below the pistons : the diflference between it 
and the pointer to the right, which indicates the vacuum in 
the vacuum chamber or reservoir and above the pistons, is 
the amount of power applied on the underside of the brake 
pistons. For instance, if lo in. is indicated in the train-pipe, 
and 20 in. in the vacuum chamber, the brake is applied 
with a power of 10 in., or about half its full power. 

V. Drip-trap. — This trap is placed on the train-pipe at 
the bottom of the down-pipe from the ejector, so that any 
moisture will drain into it. It is fitted at the bottom with a 
self-acting ball-valve, which opens when all the vacuum in 
the train-pipe is destroyed, and allows the water which may 
have collected to run out. This valve should be occasionally 
examined and cleaned. 

VI. Universal hose couplings. This coupling consists of 
a pair of castings exactly alike, with horns top and bottom, 
and it is impossible to couple them wrongly. To couple, they 
should be lifted up sufficiently high to enable the bottom 
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horn to be placed together, and then loweredj the top plug 
of one being placed in the slot of the other. To uncouple 
it is simply necessary to raise the couplings, when* they will 
separate. 

The manner in which the lever (L) is made to act upon 
the pull-rods (P) and brake-blocks (B) can be easily under- 
stood on referring to the illustration. 

The following description of the Westinghouse brake is 
extracted from the Company's official " General description 
of the apparatus " — 

Fig. 155 shows the brake complete on engine and tender, 
and the following is a list of the different parts : 

The triple valve (F), by means of which the instantaneous 
automatic action is produced. 

The small reservoir {G)y in which is stored the compressed 
air for applying the brakes. 

The brake cylinder (H), with piston and rod. 

The brake letters and blocks. 

The steam-engine (A) and pump (B), which produce the 
compressed air. 

The main reservoir (C), for storing the air necessary for 
releasing the brakes and charging the small reservoirs. 

The driver's brake valve (D), which regulates the flow of 
air from the main reservoir into the brake-pipe. 

The brake-pipe (E), which extends throughout the length 
of the train. 

The pump being started by admitting steam to the 
cylinder A, air is forced from the cylinder B into the 
main reservoir (C), which is connected to the driver's brake 
valve (D). 

The compressed air stored in the main reservoir is turned 
into the brake-pipe (E) by means of the driver's brake valve. 

It then fills the brake-pipe and flows through tlie branch 
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pipe on the tender and each vehicle to the triple-valve (F), 
through which it passes into the small reservoir (G), where it 
remains until the brake has to be applied, the pressure 
being uniform in both reservoirs and the triple-valve. 

So long as this uniform pressure is maintained the brakes 
are off. Directly air escapes from the train-pipe the triple- 
valve moves automatically and admits the compressed air 
from the reservoir to the cylinder, forcing out the pistons 
and rods and thus applying the blocks to the wheels. 

The brakes are released by re-charging the brake-pipe 
with compressed air, which causes the triple-valve to lift 
and cut off the reservoir from the cylinder, which it again 
places in communication with the atmosphere, thus releasing 
the compressed air from the back of the piston, which is 
then forced into the **Off" position by a spring and the 
blocks released from the wheels. 

Turning now to Fig. 155, a section of the double-acting 
air-pump must first be studied. Steam from the boiler 
enters the chamber (G), the ports from which, to each end 
of the cylinder, are opened for supply and exhaust by the 
movement of the valve (i). The valve consists of two 
pistons (i i) on the same stem, and as the upper piston is 
of greater diameter than the lower, the tendency of the 
pressure in the chamber (G) is always to raise the valve 
unless held down by the greater pressure of the large piston 
(2), which is supplied with steam from the chamber (d[). 
In the position shown in the illustration steam is passing 
into the bottom of the cylinder (A), and forcing the main 
piston (3) upwards. As the main piston completes its 
upward stroke, the plate (4) pushes up the rod (5) working 
in the hollow piston-rod, and with it the slide valve (6). 
This closes the passage (e) from chamber (d^ to the piston 
(2), and at the same time opens the exhaust passage (/) 
to the atmosphere through g^ which relieves the pressure 
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on the top of the piston (2). The steam in the chamber 
(G) then raises the main valve (i) and enters the top of the 
cylinder above the main piston (3), and at the same time 
the steam on the lower side is exhausted. On completing 
its downward stroke the main piston again draws the rod 
(5) and slide valve (6) to the position shown, thus reversing 
the position of the main valve (i), and consequently of 
the main piston (3). 

No particular description of the bottom cylinder and 
valves {b) is required. Each upward stroke admits air below 
the piston and discharges air from above the piston into 
the main reservoir (C), each downward stroke does the 
reverse. 

There are three principal positions for the driver^ s handle 
in working the brake. 

In the first position, a free communication is formed 
through the large ports (a, a) in the valve (i) from the main 
reservoir to the brake-pipe ; but 

In the second position, the air must pass through the 
small valve (3) and the hole {g), before it reaches the brake- 
pipe. 

This valve (3) is held on its seat by a spiral spring of a 
strength corresponding to 10 lbs. per square inch, so that 
when feeding in this second position, the pressure in the 
brake-pipe is 10 lbs. less than that in the main reservoir. 
This extra pressure is utilized when releasing the brakes. 

A little further to the right the position is neutral. 
There is then no communication between the main reservoir 
and the brake-pipe, neither can air flow from the brake 
pipe to the atmosphere; turning the handle, however, 
farther to the right has the effect of taking weight off the 
valve (2), which is then lifted by the pressure in the'brake 
pipe, and some of the air escapes from it into the^atmosphere 
at M, 

A A 
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This escape of air applies the brakes with a force 
corresponding to the reduction of pressure shown by the 
brake-pipe gauge (L). 

In the third position^ all the weight is taken off the dis- 
charge valve (2), thus allowing air to escape rapidly, which 
applies the brakes with full force. 

In iht first position of the handle there is a leak through 
the hole {c) to remind the driver, after releasing the brakes, 
to bring the handle to the second position^ where it must 
remain whilst the train is running. 

Operation. — To apply the brakes in ordinary stops, the 
brake valve should be opened gently until the desired 
reduction of pressure is observed on the gauge, after which 
the handle should be moved back gently to prevent further 
escape of air. 

If the driver's brake valve is operated in a rough way, 
serious inconvenience is caused to the passengers ; and it 
may even result in the rupture of the screw couplings. 

To prevent the jerk which is often experienced with all 
kinds of brakes at the moment when the train comes to 
rest, it is sufficient for the driver to release the brakes at 
the last revolution of the wheels in order to give the 
carriages time to assume their normal position. When 
doing so the hand-brake on the tender may be put on to 
advantage, so as to hold the train at the platform. 

The triple valve (F) is simply a small piston (i) carrying 
with it a slide valve (2) which can be moved up or down 
by increasing or decreasing the pressure in the brake-pipe. 

As soon as the air from the main reservoir is turned into 
the brake-pipe (by means of the driver's valve), the piston 
(i) is pushed up into the position shown, and air is allowed 
to feed past it through a small groove {a) into the reservoir 
(G). At the same time the slide valve (2) covers the port {b) 
to the brake cylinder, and is in such a position that the 
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air from the latter may exhaust into the atmosphere 
through c. 

The piston (i) has now the~ same air pressure on both 
sides, but if the pressure in the brake-pipe is decreased^ the 
piston and slide-valve are forced down, thereby uncovering 
the passage {b\ through which air from the reservoir (G) 
flows through the pipe (Z') into the brake cylinder (H) 
between the pistons (P), thus applying the brakes. The 
brake-pipe is shut off as soon as the triple valve piston (i) 
passes the groove (a). 

To release the brakes, the piston and slide-valve are 
again moved into the position shown, by the driver turning 
air from the main reservoir into the brake-pipe. The air in 
the brake cylinder escapes through r, and at the same time 
the reservoir is re-charged. 

To release with more certainty the driver must be careful 
to maintain extra pressure in the main reservoir, by keeping 
the handle of his brake valve in the second or ** feed " 
position, while the train is running. 

The couplings (K) are exactly alike, and an air-tight 
joint is formed between them by means of the rubber 
packing ring in each, which being forced together by the air 
pressure behind them, the joint thus becomes tighter by 
increase of pressure. 

These couplings are united by simply placing them face 
to face nearly at right angles, the stop-pins being on the 
under side, so that the projection of the one fits the 
corresponding groove of the other, and then turning the 
couplings straight. 

No damage is done to the couplings if drawn apart 
forcibly by the separation of the train, as the rubber rings 
are forced into their respective couplings far enough to 
permit the projections to disengage from their grooves, and 
the brakes will then go full on. 
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The figure H represents the standard form of brake 
cylinder for a carriage. It contains two pistons, which are 
held in the position shown by the spiral springs within. 
When air is admitted, the two pistons are thrust outwards 
with equal force, and the brakes go on. When the air is 
allowed to exhaust, the springs expanding push back the 
pistons and release the brsJces. 

A leakage groove is provided to prevent the brakes from 
being applied when the air flows slowly from the triple-valve 
to the cylinder as the result of a leak in the brake-pipe. 
This groove permits air to pass the piston (^), unless it is 
admitted suddenly, in which case the piston moves past the 
groove. For this reason drivers should never discharge less 
than 5 lbs. air pressure to apply the brake; 

The coupling cocks (N) are for cutting off the brake 
gear from the atmosphere, when vehicles that are charged 
are detached from a train. This cock must also be closed 
at the rear of the last vehicle on the train. 
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CHAPTER XVI. 

LUBRICATION AND PACKING. 

Lubrication is a subject to which locomotive engineers 
.hav« during the last few years given considerable attention. 
The amount of oil and grease used in the course of a year 
by the locomotives and rolling-stock of a great railway 
company in itself represents a very large item, and the 
indirect expenditure that may be caused by damage to the 
machinery through neglect in using the means of lubrication 
provided, or by defective lubricants, adds considerably to 
this expense. To effect a saving in this direction it is 
therefore necessary — 

1. To provide economical and efficient lubricants ; 

2. To fit up proper apparatus for distributing a sufficient 

supply of the lubricant to the different parts without 
waste ; 

3. To exercise such supervision over the drivers as will 

ensure their being on their guard against extravagance 
and waste ; and at the same time make them feel that 
any damage caused by neglect or insufficient lubrica- 
tion will not be overlooked. 
The object of lubrication is to reduce friction, and thus 
prevent the development of heat. If a bearing is neglected 
it soon becomes hot, and when heat is generated^ damage to 
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the wearing parts ensues. This frequently results in the 
failure and stoppage of the engine, and consequent expense 
in repairing the part damaged. 

For locomotive purposes the following lubricants are most 
generally used — 

1. For the cylinders and valves : A thick mineral oil. 

Sometimes tallow or tallow and rape-oil mixed. 

2. For the axles of the wheels : Rape-oil generally, 

supplemented by tallow in the tops of the axle-boxes, 
which melts and finds access to the journals when any 
heat is developed. 

3. For the connecting-rod bearings, slide-bars, horn- 

blocks, coupling-rods and glands, also valve motion, 
small pins, etc. : Rape-oil. 

4. For an axle running hot : Tallow or yellow grease. 

5. For the air-pump used with the vacuum brake : Rape- 

oil and paraffin mixed. 

Mr. Reddrop, the late chief of the laboratory at Crewe, 
has kindly furnished the author with the following notes 
upon the various lubricants used — 

" The principal oils and fats employed in the lubrication 
of the locomotive are mineral oil and rape-oil. Tallow was 
formerly employed in the lubrication of the cylinders, but has 
been largely dispensed ^ith, owing to its corrosive action 
upon iron in the presence of high-pressure steam. 

" The mineral oils or petroleums are the fluid or semi-solid 
bituminous oils, obtained from different localities, but all 
having a similar mineral origin and common characteristics. 
The oil is usually obtained by boring or drilling artesian 
wells, when it often spouts from the newly-opened well in 
enormous quantities, amounting to several thousand barrels 
a day in some cases. Pennsylvania now supplies a large 
proportion of the petroleum of commerce. These oils are all 
compounds, consisting of carbon and hydrogen, and belong 
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to the series of hydro-carbons known to chemists as the 
paraffin or €„ H^n + a series. The first members of this 
series are gaseous, and the final ones solid at the ordinary 
temperature ; the intermediate ones, being liquid, are those 
adopted for lubrication. These oils are of incalculable value 
in the lubrication of the cylinders, in that they have no 
corrosive action upon the metal, and by their cheapness and 
improved qualities are becoming the most generally used of 
all the lubricants for this purpose. Their lubricating power 
maybe increased by the addition of a small proportion of rape- 
oil where the piston speed is very great, as in locomotive 
cylinders, but even this cannot be done without a correspond- 
ing increase in the corrosive action upon the metal. 

" Rape-oil is expressed from the seeds of several kinds of 
Brassica^ of which Brassica napus and Brassica rapae are the 
principal. The crude oil requires purification before use. 
Purified rape-seed oil is of light yellow colour, and is exten- 
sively used for lubrication. The English seed is said to yield 
the best oil. Its specific gravity is usually 0*913 to 0*917. 

" Nearly all vegetable and animal oils are compounds of 
glycerine with fatty acids, and in this respect essentially 
differ from the mineral oils. When kept for a long period 
decomposition takes place, acid is set free, and the oil 
becomes rancid. This rancid oil will attack and injure 
machinery. All animal oils further contain more or less 
gummy matter, which accumulates when exposed to the 
action of the atmosphere and retards the motion of 
machinery. Mineral oils do not absorb oxygen or thicken 
when exposed alone, or in contact with cotton wool, and 
consequently do not take fire spontaneously as vegetable and 
animal oils do. The consumption of mineral oils is largely 
increasing, and will to a great extent, if not entirely, supersede 
the use of animal and vegetable oils for lubricating purposes 
in the future. 
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** Railway grease is a mixture of a more or less perfectly 
formed soap, water, and neutral fat, and is largely used on 
the axles of railway carriages. It is usually made from 
tallow, palm-oil, soap, and water, which are heated together 
in a large iron vessel, and then run out and allowed to cool. 
The composition has to be slightly varied according to the 
season of the year — being made harder in summer than in 
winter, on account of the higher temperature to which it is 
exposed. It usually contains from 40 to 50 per cent, water, 
which materially aids in preventing the axles from getting 
hot, and renders it perhaps the most effective of all lubri- 
cants for this purpose.'* 

In earlier days lubricators were unknown, and the ma- 
chinery was treated to intermittent doses of oil from the oil 
can or feeder, some of which oil found its way to the part 
which required it, but a great proportion of which was wasted. 

We will first consider the 

Lubrication of Cylinders^ 

which has a most important effect upon the general working 
of an engine. In former times the same oil was used for 
this purpose as for the other parts of the machinery, 
but it became gradually recognized that the surface of 
cylinders and pistons working under intense heat and sub- 
jected continually to the moisture of the steam required 
a different treatment to those parts exposed to the ordin- 
ary temperature of the atmosphere. Tallow is still said by 
many engineers to answer very well for this purpose, but 
it is generally conceded that there are disadvantages in 
its use, such as the formation of deposit, its tendency to 
corrode pistons and other wearing parts, and the consequent 
involving of time and money for repairs. Some of the 
mineral oils now sold for cylinder lubrication are much 
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cheaper than tallow, and are undoubtedly superior as cylinder 
lubricants. 

In a paper read before the Association of Employers, 
Foremen, and Draughtsmen at Manchester in March 1883, 
Mr. J. Veitch Wilson observes — 

" On the question of cylinder lubrication, engineers may 
be divided into three groups — 

" I. Those who continue to use tallow or suet, because, 
while it suits them as a lubricant, they find no harm 
arising from its use. 

" 2. Those who, recognizing the objections to tallow, are 
still constrained to use it, having failed to find an . 
efficient substitute. 

" 3. Those who recognize the damage done by tallow, and 
have adopted hydro-carbon oils or preparations of 
these instead. 

"Let me now state, upon the authority of every chemist 
who has ever given attention to this subject, that hydro- 
carbon oils (which include the oils made in this country 
from coal or shale), oils obtained from American petroleum, 
oils from the bituminous deposits of Russia and Trinidad, 
in fact all the oils to which the generic term * mineral ' is 
applied, are absolutely free from all tendency to oxidize. 
They are, therefore, in whatever other respects they may be 
suitable or unsuitable for the lubrication of cylinders, in this 
respect admirably adapted for the purpose. They can at 
any rate do no harm. But much more than this merely 
negative advantage can be claimed for these oils. When 
account is taken of the many different sources from which 
these oils are derived, the many different methods of manu- 
facture and preparation, little wonder need be expressed at 
the great differences which are found in their quality and at 
the conflicting reports which we hear of their work. If it be 
true that * all that glitters is not gold,' it is equally true that 
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all black oils are not adapted for cylinders. Some are little 
better than the tarry residuum from oil stills, others so 
volatile that they are little better than gas when they come 
into contact with steam at even moderate pressures, others 
so deficient in body as to be absolutely worthless as lubri- 
cants ; but from a mass of evidence on the subject I am 
convinced that if care be exercised in the selection of the oil, 
and equal care in its preparation, and in its application and 
use, hydro-carbon oil will be found thoroughly efficient as a 

lubricant, absolutely 
harmless, and much 
more economical than 
tallow." 

The lubricant used 
in the cylinders of 
London and North- 
west e r n Railway 
engines is thick, black 
mineral oil, introduced 
into the steam-chest 
by a sight-feed lubri- 
cator (Fig. 157), of 
which the following is 
a description — 

The middle part of 
the lubricator is a 
plain chamber, which 
is fitted at the top with an ordinary plug-tap (A), by means 
of which the lubricator is filled with oil. This plug is 
removed when filling, and closes against a steam-tight 
valve seat when replaced. 

B is the pipe by which steam is admitted from the boiler 
into the lubricator. The steam inlet at the bottom of 
the chamber is fitted with a check valve with rose openings, 




Fig. 157. 
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to break up the steam into small particles and so cause 
instant condensation. 

C is the drain-cock for drawing off the condensed water 
when the lubricator is re-filled. The condensed water in 
the chamber causes the oil to rise, and it overflows through 
the top outlets (D), passes through the glass and away to the 
cylinders through the lower outlets (E), each of which is con- 
nected by a small pipe to one cylinder. 

The amount of oil passing through the glass is controlled 
by the conical or pencil valves (F), by means of which the 
required number of drops per minute can be regulated. 

The object of the glass is to enable the driver to see that 
the lubricator is working properly, and keeping the cylinders 
supplied with oil. 

The cocks (G), with lever handles, serve the purpose of 
closing the connection between the lubricator and the 
cylinders, thus enabling the glass to be replaced without 
closing the regulator. 

Lubrication of Bearings, 

The hollow space at the top of the axle-box is filled 
with a mixture of oil and tallow, which syphons through a 
worsted trimming on to the axle. So long as the axle is 
running cool, only the oil finds its way to the journal ; if 
heat is developed, the tallow also gets to the axle. Tallow 
is a capital thing to bring an axle round if it ** takes to bad 
ways,'' but is not to be recommended as a primary lubri- 
cant, as it only begins to work when heat is generated, 
and if everything is going on right, there should not be 
sufficient heat to melt the tallow. 

Sometimes, when an axle is running very badly, a good 
dose of yellow fat, as railway grease is called, is the best 
thing to bring it round. Occasionally a small quantity of 
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black-lead or a mixture of sulphur and black-lead is used 
for the same purpose. 

The smaller bearings of all other parts of a locomotive 
are lubricated with rape-oil. The slide-bars, connecting- 
rods, coupling-rod bearings, and eccentrics are fitted with 
small cups, of which Fig. 158 is an illustration. The oil is 
drawn up through the worsted trimming (WT), and trickles 
through the pipe (P) on to the bearing to be lubricated. The 
oil-cup shown is of the pattern used for slide-bars and other 
places where they can be fixed on some stationary part of 
the mechanism. The cups used on the big ends, eccen- 
trics, and other moving parts are fitted with a button fixed 
below the top opening, against which it is made to press 
by a spiral spring underneath it, thus closing the hole and 
preventing the oil from being thrown out. 

Sometimes when a slide-block is running hot, through 
friction with the slide-bar, from lack of lubrica- 

ftion, a good lump of railway grease placed on 
each bar has the effect of getting them to run 
satisfactorily again. 
The pins in the motion, not fitted with oil 
cups, and other parts where only a small quan- 
tity of lubrication is required, are simply oiled 
Fig. 158. by putting a few drops on them with the oil- 
feeder when necessary. 
The vacuum pump on a London and North-Westem 
engine runs with a mixture of oil and paraffin. When rape- 
oil only is used, it has been found that the oil mixes with 
dust, congeals, and blocks up the air-passages. Indeed, 
excellent results have been obtained by the use of paraffin 
only, for lubricating the pump, and while complete freedom 
from blockage of parts by congealed oil has thus been 
obtained, a careful use of paraffin has not resulted in any 
damage to the bearing surfaces. 
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To give an idea of the amount of lubrication used by the 
different parts of a locomotive, the following quantity of 
oil, tallow, etc., has, according to accurate measurement, 
been used in one week by an engine running daily from 
London to Manchester and back, working a passenger 
train — 



The distance run 


during 


week, 


2227 


miles. 


CLASS OP OIL. 


TOTAL USED FOR 
3227 MILES. 


TOTAL OUNCES USED 
PER MILB. 




lbs. OZS. 






Non-corrosive (cylinders) ... 


23 


IS 




•0172 


Rape (axle-boxes) 


IS 


12 




•01 13 


,, (rods and motion) 


17 


14 




0124 


„ (other parts) 


21 







•ois 


„ (lamp) 


2 


4 




•0016 


Paraffin (pump) ... 


3 


10 




•0026 


Tallow 


18 


6 




•0132 



The average consumption of oil and grease by London 
and North-Westem engines working from the Rugby Loco- 
motive Station for a winter and a summer month is as 
follows — 





Rape Oil. 


Cylinder Oil. 


Grease. 


CLASS OP WORK. 


Qrts. per zoo mis. 


Qrts. per zoo mis. 


Lbs. per zoo mis. 




June 1892. 


Nov. 1891. 


June 1892. 


Nov. 1891. 


June 1892. 


Nov. 1891. 


Heavy express 














passenger trains 


21 


2'0 


•9 


10 


'I 


1-2 


Lighter, ditto 


1*5 


1-4 


•7 


•6 


7 


Slow passenger 














trains 


1-6 


1-6 


•6 


•9 


•s 


1*3 


Express goods 


1-6 


I'S 


•9 


•8 


•9 


•7 


Slow „ 


19 


2-2 


i-o 


1*3 


•6 


•8 


Mineral trains 


I '5 


15 


•8 


•8 


•9 


•7 


Shunting engines, 














estimated at 5 














miles per hour 


1-4 


20 


•s 


\'i 


•' 


•3 
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Packing, 

As has been already explained, the piston-rods and valve- 
spindles are made to work " steam-tight " through the ends 
of the cylinders and valve-chests by means of packing 
placed in the stuffing-box and kept in position by the 
gland. 

Increased pressures of steam now demand a much more 
durable and stronger packing than was formerly found to 
answer. The pressure necessitates the gland being screwed 
down tightly on to the packing to compress it firmly into 
the stuffing-box and against the piston-rod, otherwise the 
steam blows through. The high speed of the piston-rod 
generates heat, and the material must be of such a nature 
that it can withstand this heat, and at the same time exert a 
considerable pressure on the rod to keep it steam-tight, 
without causing damage through friction. Hemp saturated 
with tallow was a packing frequently used, but it is not 
found to answer under a high steam pressure, and with a 
high speed piston-rod. Packing of various forms and 
different materials and composition have lately been brought 
out A series of rings of soft white metal placed in the 
stuffing-box in segments have been found to answer very 
well for piston-rods, but it is necessary to supplement the 
metal rings with some ordinary form of packing. 

The following table (p. 367) shows the various amounts of 
diflferent kinds of packing used for different purposes — 
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PURPOSB. 


LENGTH OF 
PACKING RE- 
QUIRED TO 
FILL THE 
STUFFING- 
BOX. 


CLASS OF PACKING USED. 


Compound Engines^ 
Hign-pressure valve spindles 

„ „ piston-rods 
Low ,, valve spindle 

„ „ piston-rods 


FT. 

3 
3 
4 

5 


IN. 



6 

6 


Cress well's plaited 
greased packing in 
square or round sec- 
tion. 


Ordinary Passenger Engines— 
Piston-rods (with metallic rings in 

stuffing-box) 

Valve spindles 


■ I 



4 
II 


Grass packing. 


Goods Engines — 

Piston-rod 

Valve-spindle 


4 
2 


10 



Grass packing. 


General— 
Regulator gland 

Brake-piston 

Ejector steam-pipe expansion gland 


2 

7 
0. 





5i 


Tuck's elastic packing, 
or asbestos packing, 
Soapstone packing. 
Tuck's elastic packing. 
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CHAPTER XVII. 

COMBUSTION AND CONSUMPTION OF FUEL. 

Wherever coal is obtainable, it is still the fuel almost 
invariably used for locomotives, and the best kind for the 
purpose, in this country, is the anthracite or blind coal 
found in South Wales. 

Coal, as everybody knows, is the product of a partial 
decomposition in vegetable matter. It is composed of 
carbon, hydrogen, nitrogen, oxygen, and a small percentage 
of sulphur, frequently mixed with other substances which 
constitute impurities from which many coals are entirely 
free. Carbon and hydrogen are the chief heat-giving 
ingredients, and their percentage varies greatly in different 
coals. 

The Table on p. 332, given by Mr. Hutton,^ shows the 
average composition of several kinds of coal. 

The process of chemical combination, called combustion, 
which produces heat, is the uniting of carbon, hydrogen, 
and oxygen. The carbon is combustible partly in its solid 
state, and partly with the hydrogen in gaseous compounds, 
whereas the supporting element of combustion is oxygen, 
which must be admitted to the fire-box of a locomotive in 
proportion to the amount and character of fuel it contains. 

* Hutton's PracHcal Enguteers' Handbook^ Table XV. p. 57. 
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When a sufficient supply of air is not provided, the fuel 
is not properly consumed, and large quantities of gas, 
instead of igniting in the fire-box and producing heat, 
escape away through the chimney mixed with smoke. Such 
volumes of smoke represent an entire waste of so much 
fuel, which is being discharged into the atmosphere without 
being utilized to produce heat and generate steam. 

If the coal used is of good quality with a high percentage 
of carbon and the supply of ah: correctly regulated, there 
will be perfect combustion, and no smoke will be seen to 
issue from the chimney. 

Air can be heated almost instantaneously, and the intense 
heat in the fire-box causes air admitted in due proportion 
to rise to the same temperature as the hot gases arising 
from the coal. The hot gases then unite with the heated 
oxygen of the air, and produce perfect combustion and 
intense heat. 

When too great a volume of air is admitted into the 
fire-box, or when its admission is not properly regulated, it 
does not at once rise to the same temperature as the gases 
from the fire, and consequently the temperature in the 
fire-box is lowered, causing a strain on the plates and a 
loss of steam from reduced temperature. 

Thirteen and a half pounds of atmospheric air are 
necessary for the combustion of one pound of coal, but 
more than this is required in locomotive practice, because 
the blast draws the air through the tubes before it has 
time to thoroughly unite with the furnace gases. 

The principal amount of air is admitted by the damper 
through the fire-bars, and it thus becomes heated as it 
passes through the incandescent coal before mixing with the 
gases. 

To promote perfect combustion with the most economical 
results, it is however necessary to admit a small quantity of 
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air above the fire, and this is done through the fire-hole. 
Air so admitted, however, does not pass direct across the 
fire-box to the tube-plate, but is arrested by the deflector- 
plate, and its course directed down on the fire, so that it 
becomes heated in the centre of the fire-box before reaching 
the plates. The strong draught from the blast urges the 
burning coals to a fierce heat, and they rapidly throw off 
the inflammable gases, but if these gases pass away through 
the tubes to the chimney without being properly consumed, 
there is dense smoke, which means imperfect combustion 
and great waste. 

With the old style of fire-boxes there was an unlimited 
supply of air below the fire-bars, and there were no deflector- 
plates or brick arches ; the gases were drawn off through 
the chimney without any check, and for that reason coke 
was the fuel always used for locomotives. However, by the 
action of the damper, brick arch, and deflector-plate, the 
admission of air to the fire-box is so regulated, and the 
movement of the gases in the fire-box so controlled, that 
almost perfect combustion is effected, and the superiority 
of coal as a locomotive fuel is now fully established. 

Many and various are the devices that have been triedj 
to effect perfect combustion in a locomotive fire-box, and 
the result of experiments has been the almost universal 
adoption of a simple form of brick arch and deflector or 
baffle-plate. 

Mr. Webb has, as already explained, perfected an in- 
genious arrangement whereby the fire-hole door and 
deflector-plate are combined, and in the boiler of his 
engine, " Greater Britain," a chamber in the barrel of the 
boiler further promotes the combustion of the gases before 
they finally leave the heating surface of the tubes. 

Coal from which the gases have been expelled, but which 
is maintained at the temperature of incandescence, burns 
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with a red, yellow, or white flame without smoke, when 
sufRcient oxygen is supplied. 

The presence of water or its constituents in fuel promotes 
the formation of smoke, or of the luminous low temperature 
flame, which is ignited smoke. 

Clinker is a glassy material which forms by the fusion of 
the ashes. It cakes in a hard substance on the bars, stops 
up the air spaces, and tends to choke the grate. The more 
mineral substances there are in coal the greater the amount 
of clinker formed. 

The difference in the chemical composition of different 
kinds of coal is very great, as has been shown in the 
previous table. The amount of carbon in coal ranges from 
30 to 93 per cent., the best steam-coal having a high 
percentage. The amount of ash left after combustion 
varies from i| to 26 per cent. 

The highest temperature reached in the combustion of 
average coal is given by Mr. D. K. Clarke as 5027 degrees 
Fah., when the temperature of the external air is 62 
degrees. This would represent the actual temperature in 
the fire-box of a locomotive. The temperature of the gases 
at the base of the^chimney after passing through the tubes 
has been ascertained by experiment to be about 600 
degrees when the temperature of the external air has been 
55 degrees. Mr. F. Kolm gives the total heat of the 
combustion of i lb. of coal as follows — 

Units ^ of heat developed, 11,947, tlie percentage distribution being 
as follows — 

7,400 units = 62*2 per cent., in the formation of steam. 

2,172 „ c= i8'3 per cent., loss by heat of gases in smoke-box. 

2,375 « = 19 '5 per cent, waste. 



11,947 1000 



* The thermal unit is the heat required to raise i lb. of water by 
I degree Fahrenheit. 
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In October 1887, a series of very interesting experiments 
was made with a Great Eastern locomotive in regard to the 
combustion of coal, and the following are some of the 
figures that were arrived at upon a trip made from Stratford 
to Lynn on October 19 — 

Distance run, 95 miles. 

Total coal used, including ashes and clinker, in lbs., 1701. 
Percentage of ash and clinker in total coal used : Ash, 3 "8 ; clinker, 

17. 
Percentage of moisture in fuel, '$. 

Total weight of pure and dry coal used per hour, 327 lbs. 
Total coal used, including ash and clinker, per hour, 348 lbs. 
Weight of ash and clinker: Ash, 64*5 ; clinker, 21 "5. 
Stoking : Thickness of fire in inches, 4 to 5. 

,, Number of times stoked per hour, 5. 

Temperature of external air in degrees. Fab., 48*5. 

,, ,, furnace gases at base of chimney, 57o"0. 

Chimney draught, inches of vacuum, i '07. 

Principal Results. 
Combustion — 

Lbs. of coal per square foot of grate surface, per hour, 28*1. 
Lbs. of coal per square foot of healing surface, per hour, -406. 
Evaporation — 

Lbs. of water evaporated per lb, of coal from feed temperature, 
10-34. 

In locomotive practice, the amount of water evaporated 
or turned into steam varies from 6 to 10 lbs. for every lb. 
of coal burnt, according to the class of coal used. This, 
however, depends upon the correct regulation of the air 
admitted to the fire-box and the skill used in firing. In 
testing the performance of an engine, one simple calculation 
is invariably made. All that has to be done to arrive at the 
result is to correctly measure the coal used and the feed- 
water supplied to the boiler, and divide the number of lbs. of 
coal burned by the number of lbs. of water evaporated. 

By thus noting these two factors, it can easily be ascertained 
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whether the steam generated is in a fair proportion to the 
amount of fuel burned. 

Another equally simple observation enables the locomotive 
superintendent to determine whether the engine is performing 
a fair amount of work in proportion to the steam generated 
and fuel burned. This is the amount of fuel burned per 
mile run, which is in practice worked out in pounds. 

These results vary greatly, and depend upon the weight, 
composition, and speed of the trains, the gradients on the 
line, the class and state of repair of the engine, the weather, 
and numerous other considerations. 

It does not therefore always follow that because the 
engines working passenger trains on one line of railway are 
averaging 28 lbs. as against 33 lbs. per mile burned by 
another company's locomotives on passenger work, the 
former's must of necessity be the best and most economical. 
Indeed, the conditions under which they work may differ in 
so many respects that a comparative statement of this kind 
is worth very little. 

It is only by testing engines upon exactly the same work, 
and under precisely the same conditions, that accurate 
comparative statements can be arrived at. As a matter of 
fact, locomotives of the present day bum a much greater 
quantity of fuel than they did twenty or thirty years ago ; not 
because of any fault in their construction, but because the 
fire-boxes and boilers have had to be enlarged to keep pace 
with the increasing power of the engine, necessary to meet 
the increased weight and speed of trains. 

Some of the most modem engines show rather a high 
consumption in the monthly sheets, but it must be re- 
membered that in most cases they are actually saving fuel, 
because they work trains that less recent types of engines 
could not take without an assistant engine. 
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The following figures represent about a fair average 
consumption on different classes of work — 



Express passenger, heavy trains 

„ light „ 
Slow passenger trains 
Express goods trains 
Slow goods trains, when a lot \ 

of shunting has to be done j 
Heavy mineral trains 
Shunting engines, (estimated \ 

at five miles an hour) ... / 



LBS. PER MILE. 


LBS. PER MILE. 


SUMMER. 


WINTER. 


33 


37 


25 


30 


35 


38 


41 


46 


60 


71 


58 ., 
32 


62 
40 



It has been stated that, assuming trains of equal weight, a 
difference in speed does not affect the consumption of coal 
per mile, although the consumption per hour increases in 
proportion to the speed. This, however, is not borne out by 
the results of the following experiments made on the London 
and North- Western Railway — 

On April 17, 1887, a train was run from Crewe to 
Wolverton. These are particulars of the trial — 



Weight of engine and tender 
Weight of train, exclusive of engine and 
tender 



TONS CWT. QR3. 

65 o o 

259 3 3 
324 3 3 



Total weight moved 
Distance run, 105 miles. 
Average speed, including starting from Crewe and stopping at 

Wolverton, 24 miles per hour. 
Consumption of coal, 21*3 lbs. per mile. 
Evaporation of water, 977 lbs. for each lb. of coal burned. 



On June 5, 1887, a similar trial was made between the 
same points at a speed of 45 miles an hour — 
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TONS CWT. QRS. 

Weight of engine and tender ... ... 65 00 

Weight of train exclosive of engine and 

tender ... ... ... ... 264 12 3 



Total weight moved ... 329 12 3 

Distance run, 105 miles. 
Average speed, including starting from Crewe and stopping at 

Wolverton, 45*6 miles per hour. 
Consumption of coal, 57 '6 lbs. per mile. 
Evaporation of water, 7*6 lbs. for each lb. of coal burned. 

These figures, which are the result of a carefully-made 
experiment, prove beyond doubt the greatly increased cost 
entailed by running heavy trains at high speeds. 

Another experiment was tried with a shuttle train working 
a local service between Birmingham and Harborne, a 
distance of 4^ miles, with three intermediate stops in each 
direction. It was proposed to decrease the time between the 
terminal points from 18 to 15 minutes, and it was proved 
that the reduction in the running time increased the 
consumption of coal about 20 per cent. 

A new departure has lately been made in locomotive fuel 
by the introduction of petroleum to take the place of coal. 
This has been tried on the Great Eastern Railway with great 
success. 

The following is a description of the apparatus which is 
fitted to the Great Eastern engine "Petrolea," shown on 
p. 248. 

The liquid fuel is carried on the tender in a tank, the 
capacity of which is 500 gallons. It is led by pipes to two 
injectors or burners placed in holes provided for them in the 
fire-box plates, immediately below the foot-plate, and some 
14 inches above the fire-bars, on which a fire of small coal is 
maintained. Each injector has two separate steam supplies ; 
one used for inducing and atomizing the liquid fuel by a 
centre cone or jet, and the other for supplying atmospheric 
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air to the atomized fuel by means of small jets, arranged 
round a ring blower, placed near the nozzle of the injector. 
This blower not only ensures perfect combustion, but also 
atomizes and distributes the oil to such an extent that no fire- 
brick is necessary to receive and break up the spray, as in 
other systems. This secures very distinct advantages — the 
fire-box being as available for a solid fuel fire after the 
addition of the apparatus as before. 

The fuel at present in use on the Great Eastern Railway 
consists of coal gas tar, /oil gas tar, and various tar oils, and 
one ton of these in practice will approximately equal two 
tons of steam coal in heating effect. 

The actual consumption of fuels on engines of the class 
referred to is as follows — 

(i) Liquid fuel and coal combined — 

Oil ... ... 12-2 lbs. per mile. 

Coal ... ... 1 1*0 „ 

23*2 

as against 

(2) Coal only ... 34*0 „ 

lighting up, etc., included in both cases. 

From practical experience, liquid fuel appears to have 
much to recommend it. The ease with which a constant 
steam pressure can be maintained-; the facilities for con- 
trolling the fire to exact requirements ; its cleanliness and the 
reduction in the wear and tear of the fire-box and tubes, are 
all points in its favour. At the same time, objections might 
be urged against a system requiring liquid fuel alone. For 
instance, the difficulty in lighting up and raising steam may 
be mentioned ; also the sudden reduction in temperature in 
the fire-box when the fuel is shut off. But with a combined 
system, such as that in use on the Great Eastern Railway, 
none of these difficulties arise. 
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Mr. Holden, writing under date September 6, 1899, gives 
some very interesting data with regard to the burning of 
liquid fuel on the Great Eastern Railway. He says — 

" As regards the continued use of oil-fuel here, there are 
at present forty-seven locomotives fitted to burn it, and the 
latest class to which it has been adapted is the single bogie 
express (see Fig. 115). 

** These engines are fitted with improved burners for the 
spraying and distribution of the oil-fuel in the fire-boxes, 
and have an arrangement whereby a large supply of heated 
air is delivered by the patent burners to the fire, where it 
assists in securing economy of fuel and perfect combustion. 
In addition to this, there is a heater for the oil-fuel on the 
tender which raises the temperature of the oil previous to 
its admittance to the burners. Prior to the use of this 
heating device, I found that there was a tendency to con- 
densation of a percentage of the steam used for. injection, 
by reason of its coming into contact with the cold oil-fuel 
at the burners, and this of course meant a lowering of the 
temperature in the fire-box rather than the increase desired. 
Briefly, the action of the apparatus provided on the engines 
under notice is to warm the oil-fuel as it passes from the 
fuel-tank in a tubular heating-chamber on the tender, through 
which the exhaust steam from the air-brake pump circulates. 
Then the powerful exhausting action (equivalent to 20 in. 
of mercury) of the central jets of the oil-fuel burners induces 
a very considerable current of atmospheric air through the 
pipes and cast-iron heaters arranged in the smoke-box, and 
delivers it to the fire at a temperature of quite 400° F. The 
result of the spray of heated oil-fuel injected with steam at 
350** F. into a current of hot air, is a clear and brilliant fire. 
I have found from practice that the combustion is improved, 
and the consumption of fuel decreased by this arrangement, 
the difference being as much as i J lbs. of oil-fuel per mile 
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on engines regularly using it. I might also remark, that I 
am using the above arrangement of heated air when burning 
jcoal alone as well as when burning oil, or oil and coal, and 
I find a decided improvement in the combustion. 

"The tender carries a supply of 710 gallons of oil-fuel, 
besides having a bunker space for one ton of coal. It has 
a water capacity of 3000 gallons, and is fitted with a scoop 
for taking water from the track-troughs while running." 



38o 



CHAPTER XVIII. 

ENGINE-DRIVERS AND THEIR DUTIES. 

Persons interested in locomotive engine-driving cannot 
do better than read Mr. Michael Reynolds' book, in which 
the subject is dealt with in a very interesting and compre- 
hensive manner. 

To become a "first-class" engine-man requires a vast 
amount of experience and training. The period of training 
is longer than the ordinary term of apprenticeship considered 
necessary to render a man an expert craftsman in any other 
particular trade which he may take up as a means of earning 
his livelihood, and to follow the career of an engine-driver 
from the time he enters the railway service until he is pro- 
moted to the position of an express passenger train-driver, 
would take more space than can be allotted to this branch 
of locomotive work. In most trades the skill of the work- 
man is equally valuable wherever he may be employed, but 
unfortunately this is not altogether the case with the engine- 
driver, whose knowledge is essentially limited to his 
particular line. A very important part of his training is to 
** learn the road," that is, to gain a knowledge of the 
gradients and signals on every part of the line over which 
he has to run. He must be able to read off at sight the 
meaning of every signal, and to pick out those he must 
obey from the gigantic array that present themselves to his 
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gaze, when he approaches a complicated junction or busy 
station. 

It takes a driver years to thoroughly learn all the signals 
over a large railway system, and the knowledge when 
acquired is only of use upon the line on which he is 
trained. 

The larger railways are divided into districts with a staff 
of drivers attached to each. Thus, on the London and 
North-Western Railway the men working local trains about 
Birmingham, Wolverhampton, and Walsall are thoroughly 
acquainted with the complicated junctions and signals in 
that part of the country, but do not know the main line. 
In the same way the Crewe drivers, who know the road 
over 300 miles from London to Carlisle, could not work 
trains on the branch lines. On the London and North- 
Western Railway alone there are 17,000 signals lighted 
every, night, and the driver working from Crewe to London 
and back, for his day's work, is controlled by no less than 
570 signals, to say nothing of those coming under his 
observation which do not affect the working of his train. 

In the early days of railways, engine-drivers were usually 
men who had previously been employed as mechanics, in 
many instances assisting in the building of the machines of 
which they afterwards took charge. However, it soon became 
evident that these were two entirely different branches of 
locomotive work, and that a good mechanic did not 
necessarily make a good engine-man. 

A separate department therefore sprang into existence, 
which was called the "Running Department," and it is 
through the various grades in this department that men rise 
step by step until the highest rank, viz., that of an express 
passenger train driver, is attained. 

The youth who enters the railway service with the 
aspiration of ultimately becoming an engine-driver, first 
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commences work as a cleaner, and has to pass through 
the following stages before he reaches the top rung of the 
ladder — 

Cleaner, — Cleaning shunting engines, goods engines, and passenger 

engines. 
Extra Fireman, — ^Viz., a cleaner who is passed to act as a fireman 

when a man has to be drawn from the cleaning staff for special 

work. 
Firetnan, — Firing on shunting engines, on local good trains, on express 

good trains, on local passenger trains, on express passenger trains. 
Extra Driver, — Viz., a fireman passed to act as a driver when 

required for special work. 
Driver, — On shunting engine, on local goods train, on express goods 

trains, on local passenger trains, on express passenger trains. 

In some cases main line express goods drivers rank before 
those of local passenger trains, and are paid at a higher 
rate. 

Promotion goes by seniority, combined with merit. A 
cleaner who takes a pride in the thoroughness of his work 
and the appearance of the engine with the cleaning of which 
he is entrusted, should be singled out for promotion before 
one whose only idea is to do the minumum amount of work 
that will enable his engine to be passed by the foreman. 

The cleaner who eventually succeeds as an engine-driver 
is always trying to learn something ; while he is employed 
in the running-sheds he has constant opportunities of seeing 
the fitters at work on different parts of the mechanism of 
the engines, and, if he is bright and intelligent, he will make 
use of such opportunities to get knowledge that will be use- 
ful to him hereafter. 

Many engine-drivers have been degraded from their 
positions simply from a lack of mechanical knowledge, 
which they should have acquired even before they were 
made firemen, much less engine-drivers. These are the 
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people who go wrong on the road when there is a break- 
down, and it is necessary to uncouple an engine and work 
with one side only, or when some slight temporary repair 
would enable the engine to work forward to the next loco- 
motive station. It is then that an indolent man finds him- 
self altogether at sea, and having caused an unnecessary 
delay, his incompetency is established, and he is put back 
to a lower grade in the service, where self-reliance and 
capability are not likely to be called into requisition. 

The man who keeps his eyes open and intelligently 
observes what is going on around him, whether he be 
cleaner, fireman, or driver, is the one who will surely work 
his way to the front ; while his fellow-servant, who has not 
made the most of his opportunities, is still compelled to 
remain in the lower grades of the service. 

To the uninitiated the life of an engine-driver appears to 
be a pleasant and perhaps an easy one. It cannot be 
denied that even to many who gain their living by the 
occupation it has a fascination that never wanes, and when 
once a man has attained the position of an express 
passenger train driver, his lot is one that well may be 
envied by the majority of the artisan class. His rate of 
pay is high, his hours are short, and his work neither 
monotonous nor arduous. 

But, on the other hand, it has cost him many years of 
real hard work to gain this position ; and, although the life 
may have its picturesque side, it must be remembered that 
the responsibilities are great, and that the driver is called 
upon to take his turn on night duty, and to be out in all 
weathers, at all seasons of the year. It is no light matter 
to be responsible for the safe conduct of an express pas- 
senger train through the country in the dead of night, at 
the rate of fifty or sixty miles an hour, past busy stations 
and mazy junctions. 
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We will not attempt to follow the different gradations of 
service in the Running Department, but will try to gain 
some idea of the duties of an engine-driver during his day's 
work. 

Every engine-man is supplied weekly with printed notices 
giving particulars of extra trains arranged, signal alterations, 
repairs to the permanent way, and all special arrangements 
of every kind and description affecting the part of the line 
over which he has to work. 

A careful driver will take these notices home with him 
and look them over ; so that, when he goes on duty, he 
has all the instructions fixed in his mind, and can give his 
whole attention to his engine. When there are important 
alterations in the signals or roads at any station, it is the 
practice on the London and North-Westem Railway to 
supply every driver with a diagram giving full details of all 
such alterations. This is an excellent system, and keeps 
the men well advised of everything of the kind that is 
going on. The driver, however, must not be satisfied with 
the information to be gleaned from these printed notices, 
but whenever he books on duty his first' care must be to 
study the special notice board hung up in the shed, upon 
which he will find posted all special instructions which are 
issued from time to time. Many of these instructions refer 
to the Locomotive Department only, and are not included in 
the traffic superintendents' weekly notices. A water-pipe 
has burst somewhere, and there is no water to be obtained 
at that station, the driver must therefore make a special stop 
to fill his tank elsewhere. It is autumn, and a gale of wind 
followed by a sharp shower has caused a plentiful fall of 
leaves from the trees. What has this to do with the engine- 
driver, it may be asked ? There is a notice calling attention 
to the fact that the falling leaves will make the rails very 
slippery, and drivers must exercise additional care in 
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descending the incline between Camden Town and Euston 
Station, which is overshadowed by trees. It is, of course, 
the driver's duty to observe such things for himself, but the 
district locomotive superintendents are ever on the watch 
for all these little pitfalls which may lead their men into 
trouble. Complaints have been made that trains are 
running through some particular junction too fast, and 
drivers are cautioned to moderate the speed. Some irate 
householder has written to the general manager, com- 
plaining of the noise or smoke made by engines standing 
at some signal in the vicinity of his residence, and the 
locomotive superintendent threatens dire penalties to the 
offender who again transgresses in this respect. 

These are the kind of notices the driver finds displayed 
upon the special notice board. 

' But we are going to follow him through his day's work, 
and we have somewhat anticipated. His first duty is to 
"book on," that is, to give his name in at the "check 
office " at the gate where the time of his coming to work is 
recorded, together with his train and the number of his 
engine. The keys of his tool-boxes are kept at this office, 
and must be obtained by the driver or fireman, whichever 
books on duty first. 

Having booked on duty and examined the notice board, 
the driver proceeds to his engine, which he finds ready 
placed in a convenient position for moving off the shed. 
Arrived there his first duty is to examine the gauge glass, 
and ascertain what water there is in the boiler. He should 
then try the test taps (which are provided in case the gauge 
glass breaks or fails), and satisfy himself that they are in 
working order. Having seen that the water in the boiler is 
all right, he next examines the steam-gauge and notes what 
pressure is recorded. The engine has been lighted up 
some two to three hours previous to his arrival, and is 

cc 
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beginning to make steam, and it is important to note the 
pressure in order that he oan so regulate matters that the 
boiler will gradually generate steam at such a rate as to be 
just at blowing-oif point, when it is time to back on to his 
train. He should then look in the fire-box and note the con- 
dition of the fire, which the fireman should by this time be 
engaged in making up — a process described a little farther 
on. After satisfying himself as to the state of affairs with 
regard to the amount of water in the boiler, the pressure of 
steam, and the condition of the fire, the driver's next duty 
is to make a thorough examination of his engine. There 
is not one thing in locomotive engine-driving which con- 
tributes more to the success or failure in the career of an 
engine-driver than the capability he possesses for making 
a thoroughly minute and intelligent inspection of his engine, 
before attaching to a train which he undertakes the 
responsibility of working. 

There are men who will apparently make a complete 
examination of an engine before taking it o£f the shed, and 
who habitually spend a good deal of time in so doing, but 
who have been known to come to grief on the road, 
through some nut slackening back or pin working out — a 
mishap that might have been avoided if this particular nut 
or pin had received proper attention. 

To make a really satisfactory and efficient examination, a 
inan must not be content with spending a certain amount 
of time in making a general survey of the different parts of 
the machinery, but he must so train himself in habits of minute 
and careful observation as to be able to make his examin- 
ation without overlooking the smallest and apparently least 
important detail. There are men who have been driving 
for years and have daily inspected their engines, as they 
thought thoroughly, and who may however have habitually 
overlooked some one small parti which has eventually led 
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to a bad failure on the road, from a want of proper super- 
vision. Everything that could possibly go wrong should be 
examined, no matter how improbable any mishap may be. 

A case came under the writer's notice only recently, in 
which a passenger train had to be stopped, the continuous 
brake put out-of-gear, and the train worked to its destination 
under control of the hand-brakes only, entirely owing to 
the driver having omitted to examine a small valve on one 
of the vacuum-pipes. This was a valve that has never 
been known to go wrong before or since, but which, on this 
occasion, caused a failure that might have been avoided by 
a proper examination, thus saving the pocket of the driver, 
who was fined for his carelessness. 

More failures are brought about through nuts slackening 
back and pins working out than from any other cause, and 
every possible place where this might occur should have 
special attention. 

There is not space to give a detailed explanation of the 
whole examination, but the following is a general survey 
of the process : The engine must be placed over a pit, and if 
possible during daylight, and unless the weather is bad, the 
examination should be made outside the shed because of 
the better light. The engine should be brought to a stand 
with each driving-crank journal an equal distance below the 
centre of the driving-axle. The hand-brake must then be 
screwed hard on, the reversing lever or wheel placed in 
mid-gear, and the cylinder taps opened. 

The examination should be conducted systematically, the 
same routine being observed on every occasion. By 
following this plan a man trains himself to take every point 
successively, and it comes natural to him to inspect every- 
thing in turn, whereas, if he dodges about from point to 
point, he does not go to work on any properly regulated 
system, and is always apt to overlook one thing or another. 
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The driver should commence his examination underneath 
the engine, beginning with the axle-boxes, the trimmings of 
which must be carefully inspected, to see that they are in 
good order and fit properly into the hole through which the 
oil has to syphon. It may be necessary to make new 
trimmings, but the driver will know pretty well what 
condition they are in by his last examination. Some axle- 
boxes are constructed to use tallow and oil, in which case 
the hollow part of the top of the axle-box is filled with 
melted tallow mixed with oil, and the top of the oil-hole 
is below the level of the mixture. A locomotive axle- 
box that uses oil only, and in which tallow cannot be 
used, has the oil-hole above the level of the oil, as the 
whole of the lubricant syphons through the trimming, 
which oil mixed with tallow is not sufficiently liquid to do. 

The springs, spring pins, links, etc., so far as they can be 
seen from underneath, must be examined at the same time 
as the axle-boxes, and when this has been systematically 
done, attention should be given to the big ends, which are 
almost the most important things about the engine as regards 
the care and attention they require. To fail with a hot big 
end is unfortunately by no means a rare occurrence, but such 
a failure can nearly always be avoided if the brasses are 
properly fitted in the first instance, and subsequently 
attended to by the driver. They should be put up just loose 
enough on the journal to be moved by hand from side to 
side to the extent of the side play allowed. When it is 
necessary to drive the cotter down to tighten up the brasses, 
the set screws must be first slackened back, and it is advisable 
to make a mark on the cotter so that it can be seen exactly 
how far it is knocked down at each stroke. 

Cotters should always be knocked down with a lead 
hammer in order to avoid damaging them. Great care 
must be taken not to tighten the brasses up too much, or the 
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big end is likely to run hot A careful driver will tighten 
the big end a little bit from time to time ; a careless man 
often allows them to run till they get quite loose, and then, 
when they are tightened up, they have a tendency to bear 
unequally on the journals, which also causes them to 
run hot. 

After tightening the cotters down if necessary, the set 
screws must be screwed firmly up against them to prevent 
their working back ; and whether it is necessary to knock the 
cotter down or not, the set screws must always be tried over 
with the spanner. 

Upon the care which is taken in adjusting the trimmings 
depends the amount of oil used by the big ends. When 
running, they should pass about four drops of oil per minute. 
If they use too little oil, the bearings are liable to run hot, 
and if too much, there is a continual waste going on. 

The little ends must now be examined in a similar way if 
they are fitted with brasses and cotters ; but if with steel 
bushes, as is the case with London and North-Western 
engines, they require very little attention. 

The eccentrics come next, and particular attention should 
be given to the bolts, nuts, small safety cotters and set pins, 
which hold them in position. The bolts which hold the 
eccentric straps together must also be carefully tried over 
with the spanner; and the syphon cup and trimming on 
each eccentric must be carefully attended to, the trimming 
being the same as with a big end. 

The different parts of the valve motion are held together 
by small pins, each of which should be most minutely 
examined, to see that it is tight in its place. More failures 
have perhaps been brought about by these small pins working 
out than from any other cause. The small cotters coupling 
up the valve spindles to the reversing- gear must be carefully 
tried, and the piston-rods and cross-heads examined. With 
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London and North-Western engines the end of the piston-rod 
passes through the cross-head, to which it is secured by a 
large nut, which must be carefully examined. 

The glands must then be screwed up, great care being 
taken to keep them exactly square with the rods upon which 
they work, and the nuts on the gland studs must be securely 
locked. These gland nuts should also be examined during 
the trip whenever opportunity offers. 

If an engine is fitted with a feed-pump for supplying the 
boiler, or air-pump for working the vacuum brake, every 
detail of these must also be very carefully looked over. 

For examining the motion of an engine, it is necessary 
that it should be in mid-gear, as in this position the driver 
can get at every part of it. 

Having examined all the machinery, including the 
cylinder tap gearing, the driver should look into the ash-pan, 
and if there are any ashes in it, should instruct his fireman 
to rake them out. He should also inspect the fire-bars, and 
satisfy himself that they are in proper position in the carriers. 
Other people are responsible for doing this work before the 
driver comes to the engine, but he should make a point of 
satisfying himself that it has been properly done ; as, if either 
of these points has been neglected, he may get into trouble 
through the engine not steaming properly. 

This completes his survey underneath the engine. The 
smoke-box door should now be opened, and he should 
satisfy himself that all the ashes have been properly cleaned 
out, and that there is no leak at any of the tubes. 

After shutting the smoke-box door, he should thoroughly 
examine the joint, and satisfy himself that it is air-tight, and 
that the handle is in working order and properly secures the 
door. Everything outside the engine that can possibly 
become disconnected should now be examined, such as 
springs, spring-links, feed-pipes, sand-pipes, brake gear, etc. 
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A look should be -also given to the bolts securing the horn- 
blocks to the frames. Although it is a very unusual occur- 
rence, these have been known to work loose, and sometimes 
two or three nuts have been allowed to work off without the 
driver finding it out. 

A particular examination should be made of the brake 
gear, which consists of levers, pull-rods, brake-blocks, and 
screw, held together by various bolts and pins, all of which 
require individual attention. Part of this inspection must be 
made from underneath, and part from outside. If the 
engine is fitted with a steam, vacuum, or Westinghouse brake, 
the cylinder gear must be carefully overhauled ; and, in the 
case of the two latter brakes, all the pipes should be examined, 
especially at the joints, which the driver should satisfy 
himself are all air-tight. 

In the vacuum brake, the vacuum should be raised by the 
ejector, and when the proper amount of vacuum has been 
created, the needle should stand fast after the ejector is shut 
off. If there is any leakage the needle at once commences 
to go back, when the ejector is shut off, and in that case an 
endeavour must be made to locate the leakage. 

With the hand-brake, the brake screw and the nut into 
which it works must be examined, and if it requires taking 
up, a fitter's attention must be called to the matter. 

As the driver proceeds with his examination, he should at 
the same time oil all the parts requiring it with the exception 
of little ends, slide-bars, and glands, which should be left till 
the last moment in order to avoid the waste of oil which 
would go on while the engine is standing. 

The tender axle-boxes and bearings, as well as the screw- 
shackle and draw-bar, must also receive attention before the 
driver concludes his part of the work on the steam shed 
and the engine goes out. 

Some drivers leave all the oiling to their firemen, but 
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this is not the proper thing to do, although the work may 
be divided with advantage, the fireman oiling the tender, 
coupling-rods, and horn-blocks, and other parts which can 
be oiled from the outside, whilst the driver takes the parts 
underneath which have to be oiled at the time the examin- 
ation is made, and to which he should in all cases see 
himself. 

The fireman is allowed the same marginal time before 
the train starts as the driver. He also has his appointed 
duties, and it is for him to decide whether he will perform 
them in a perfunctory manner, giving to them the exact 
number of minutes allotted by the company, or whether he 
will come to the shed a little in advance of his booked 
time and make all his preparations with comfort to himself 
and satisfaction to his driver. 

Cases have been known of men arriving at the shed as 
they considered a little too soon, and instead of proceeding 
to their engine and getting on with the work, remaining 
outside smoking and idling until the exact moment when 
they were obliged to go on duty. 

Such men are not likely to make good drivers or be a 
credit to the company in whose service they are employed. 
The man who takes a real interest in his work is not 
particular to half-an-hour as to how long before train time 
he comes, so long as he gives himself plenty of time to do 
his work thoroughly and well. He knows how much he 
has to do before train time, the class of work upon which 
the engine is going to run, and whether there are any 
special jobs which require time to be satisfactorily attended 
to. In many cases there will be an aggregate of several 
hours of leisure during the day between the trips the engine 
runs. He is paid for these hours, and therefore should 
not grudge a little extra time to ensure a good start with 
the first trip— time that will undoubtedly bear good fiiiit 
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before the day's work is over. A good fireman will make 
a point of arriving at the engine before the driver, and his 
first care should be to make the same examination of steam 
and water as has been explained among the driver's duties. 
He should then unlock the tools, and, if the engine is 
supplied with Welsh coal, at once commence to make up 
the fire, on the foundation of burning coal which has been 
put in some time before his arrival. With ordinary coal a 
large fire is not put on before train time, and the engine is 
run with a comparatively low fire; but with Welsh steam coal, 
which is by far the best for locomotive purposes, the making 
up of the fire in the shed is a most important duty. This 
kind of coal does not give out much heat until well burned 
through, and the most economical method is to make up a 
good thick fire, leaving just sufficient time for it to be well 
burned through by the time the train is due to start away. 
Hard coal cannot be treated in this way, as it burns away 
far more quickly and begins to generate steam at once, and 
is therefore only put on just before starting. 

Firing with Welsh coal is a more scientific operation, and 
requires observance and skill both in making up the fire 
before starting and in manipulating it on the road. 

The fire is made up as follows : First the damper is 
opened to give a free circulation of air through the fire-box. 
The largest lumps of coal should be picked out — it does 
not matter how big they are, provided they will go through 
the fire-hole door — and put on by hand round the sides of 
the fire-box. The space all round the fire-box should be 
completely covered with lumps placed side by side against 
each other. The middle part of the fire-bars should then 
be covered with smaller lumps evenly distributed over its 
surface. There is now a layer of coal completely covering 
the whole of the grate surface, and this is the foundation 
upon which the fire is built up. More large lumps should 
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then be dropped underneath the fire-hole and in the back 
comers of the box. The shovel may now be used to 
complete making up the fire with smaller lumps, and when 
finished the back part of the fire should be almost up to 
the door and gradually slope down so as to be the thinnest 
underneath the brick arch in the front of the fire-box. 
There must be no holes in the fire, but the bars must be 
well covered all over to avoid cold air being drawn through 
into the fire-box without first coming in contact with the 
bottom part of the fire. 

Having built up the fire in this way, it will gradually burn 
through in a period of time, so calculated as to allow it to 
get hold of every lump by the time when the train has to 
start. 

A fire of "blind" (or Welsh) coal not properly burned 
through will not develop the required heat when subjected 
to the blast ; and once start away with a defective fire of 
this kind of coal, troubles will begin before many miles of 
ground are covered, and there will be a struggle to maintain 
steam for the rest of the journey, even though the driver 
may in some cases be able to get on, without coming to a 
standstill to "blow the fire up" and get up steam, an 
episode that has frequently happened from this cause. 

During the time the fireman has been making up the fire, 
the driver has arrived at the engine, and gives him in- 
structions what stores to get out before starting. For a 
run from Rugby to London and back, the stores required 
for a compound engine would be about 
I lb. tallow, 
3 quarts rape oil, 
3 pints cylinder oil ; 
but if an axle is running badly, an extra quantity would be 
used. 

Having obtained these, he cleans up the " front " of the 
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engine — that is, the back fire-box plate and all the brass 
work upon it, fills the sand-boxes, and does such part of the 
oiling as the driver entrusts to him. 

Having completed all this work, the engine is, if neces- 
sary, taken to the tum-tible to be turned, and to the water 
column to have its tank filled. The driver then " whistles 
up," and the engine is run off the shed to stand in some con- 
venient place till the arrival of its train, or, if starting from 
a terminal station, to back on to the train, and start "right 
away " when time is up. 
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CHAPTER XIX. 

DUTIES OF DRIVERS AND FIREMEN WHEN WORKING 
A TRAIN. 

After an engine is backed on to a train, there are 
certain duties to be performed by the driver and fireman 
before starting. 

When engines are changed at an intermediate station, and 
there are only a few minutes to do these duties, the oiling of 
the little ends, slide-bars, and glands should be done just 
before the train arrives. When starting from a terminal 
station, the driver should take care to be attached to the 
train in time to do this part of the oiling the last thing 
before starting away. 

With a train fitted with the automatic vacuum brake, the 
following work has to be done between the time of backing 
on and starting away : — 

The fireman's duties are — 

1. To hook the engine-shackle on to the carriage draw- 

bar hook, and screw it up tightly. 

2. To couple up the vacuum pipes. 

3. To attach the communication cord. 

4. To take the tail lamp from the rear of the tender, and 

place it on the front buffer plank. 
The driver's duties are — 
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1. To deliver up his "ticket" to the guard, who will 

during the journey record upon it all particulars of 
the running of the train. 

2. To ascertain from the guard the number of vehicles 

upon the train, and the brake power under his 
control. 

3. To raise the vacuum by opening the ejector, and 

keeping it open until the vacuum gauge shows the 
required amount to be maintained while running. 

4. To re-create the vacuum after it has been destroyed by 

opening the emergency valve in the rear van to test 
the continuity of the vacuum pipes. 

5. To pull back the communication cord, and close the 

whistle after the cord has been pulled, from the rear 
of the train, to test its continuity. 

If the driver does not raise sufficient vacuum in the train- 
pipe, a white flag is held out of the rear van, and he must 
again open the ejector and continue to "blow up" until 
the flag is waved — an indication that the proper figure is 
registered by the rear van vacuum gauge. 

When time is up and the station business completed, the 
guard gives a "right away" signal by exhibiting a green 
flag (by day) or green lamp (by night). This signal is only 
an indication to the engine-driver that so far as the station 
business is concerned he has permission to start the train. 
Before he does so he must, however, be careful to look at 
the starting-signal, and see that it is "off," and the line 
ahead clear for him to proceed. 

When he has satisfied himself on these points, he must 
carefully open the regulator. If it is suddenly thrown wide 
open there is a severe strain on the pistons and valve gear, 
and the result frequently is that the wheels spin round on 
the rails without moving the engine. 

The ease or otherwise with which a driver starts his train 
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depends greatly upon the state of the rails. The adhesion 
per ton of load on the driving-wheels varies from 200 lbs., 
when the rails are slippery, to 600 lbs., when they are dry. 
In starting the driver has to take into consideration the 
state of the rails, the load of the train, and the gradient 
upon which the engine and train are standing. 

As already explained, every engine carries a supply of 
dry sand, stored in boxes fitted with outlet valves worked 
from the foot-plate. When the rails are slippery the sand is 
allowed to stream on to them, and thus promote adhesion. 
It is the fireman's duty to manipulate the sanding gear, 
and he must exercise care in the discharge of this duty, 
which is a very important one ; for, in frosty weather, for 
instance, when the rails are covered with rime, it is almost 
as useless to attempt to start a train with a single engine 
without opening the sand-valves as without opening the 
regulator. 

If an engine is slipping badly, and the sand-valves are 
opened while steam is on, the wheels pass directly from a 
slippery rail upon which they are spinning round on to a 
well-sanded rail, and they thus receive a sudden check 
which causes a great strain on the machinery — in fact axles 
have been known to break from this cause. 

Another matter to be watched carefully in starting is the 
tendency that a boiler full of water has to prime when the 
regulator is opened. This is especially the case if the 
inside surfaces of the boiler-plates are at all greasy or dirty. 
Unless care is exercised in opening the regulator, water is 
apt to pass with the steam from the boiler into the cylinders, 
and be thrown out from the blast-pipe. 

When once the train is well on the move, and the engine 
begins to feel the load, the regulator may be more fully 
opened and the engine allowed to run for a short distance 
with the reversing lever or wheel right over in full gear. A 
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few beats with the engine in full throw help to clear the 
tubes of any small cinder or ashes that may be left in them, 
and the strong blast gives a good start to the fire. After 
ninning a short distance with the lever in this position, the 
driver should " pull the engine back " a little at a time as 
the speed increases. 

As has been already stated, the terms "pull back" or 
"notch-up" mean to place the reversing-wheel, lever, or 
whatever kind of apparatus is used for this purpose, in the 
position for working the steam expansively. When the 
engine is in " full throw " the lever is right over, and the 
steam is admitted to the cylinder during the greater part of 
the stroke of the piston. As the engine is " pulled back " 
the period of " cut-ofF" is shortened, until eventually " mid- 
gear " is reached. 

The way in which the reversing-gear is manipulated must 
depend upon the gradient and the load of the train ; but 
it may be laid down as a general rule that the notching-up 
should be done gradually as the speed increases, without 
shutting the regulator. 

It is a very bad plan to work up to a certain speed in 
full gear, and then to shut the regulator and pull the engine 
up almost into middle gear. Unfortunately this is a system 
adopted by a good many careless drivers, especially those 
who work local trains which only run a short distance 
between the stops. It saves trouble but involves a waste 
of fuel and great strain upon the working parts of the 
engine. 

The driver should carefully study the working of his 
engine when starting away with a train, especially if he has 
a heavy load behind him and is going to make a long run 
without a stop. It is while the engine is working slowly 
and heavily in full gear that he can most readily detect 
when there is anything not quite as it should be, such 
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as pistons blowing, big ends knocking, and other similar 
defects. 

The driver must stand on his engine in such a position 
that he can see best straight ahead. His side of the 
foot-plate is that always upon which the reversing-gear is 
placed ; but this varies from right to left on the different 
lines. The reversing-screw on the London and North- 
western Railway engines is always on the left side. The 
driver's position is therefore on the left of the foot-plate, 
and in this position he is, with a few exceptions, on the 
same side as the platform and the starting-signal, which is a 
great advantage. The regulator is in a convenient position 
for his right hand, the reversing-wheel for his left, and the 
window in the cab is just in front of him. He can there- 
fore manipulate the regulator and reversing-gear without 
taking his attention off the signals. 

Having followed so far the starting away of an engine 
with a passenger train, let it be supposed that the engine is 
working an express from Rugby to London and back. 
The train has travelled some 200 yards, and a speed of from 
fifteen to twenty miles an hour attained. The engine has 
been partly notched-up, but is still emitting sonorous puffs, 
the steam as yet only being cut off at about half stroke, 
because the engine must continue to work hard until a 
higher speed is attained. As long as it is running in full gear, 
or only partially notched-up, a great quantity of steam is 
being used for working the engine; also the fire has not 
yet developed the fierce heat which the blast will shortly 
produce, arid consequently the pressure drops back a little, 
because the steam used exceeds that which the fire at this 
stage is capable of producing. Having started away with 
a full boiler, the driver can however afford to lose a little 
steam at first, because he need not put on the injector until 
the water-level is considerably reduced. 
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By the time the train has travelled about half-a-mile or 
so, if everything is right, the blast has so acted upon the 
fire that the whole mass has burst into flame ; and in a 
short time the fire develops sufficient heat to generate 
steam faster than the engine is using it, and the needle of 
the steam-pressure-gauge, which has perhaps gone back 
5 or 10 lbs., gradually begins to rise, until it again reaches 
" blowing-off point." By this time the water-line will show 
about half-way up the gauge-glass, whereas before starting 
it was out of sight in the top stand. 

As soon as the engine shows signs of blowing-off, then is 
the time for the fireman to commence firing. The fact that 
the pressure-gauge needle has crept round to this point 
indicates to him that his fire is in good order, and has 
properly burned through before starting. He may therefore 
put on his first instalment of fuel without fear of throwing 
it upon other coal not yet burned through. To heap coal 
upon a fire in this latter condition is a most fatal thing to 
do. If the engine does not begin to make steam at once, 
it will not mend matters to commence putting coal on. In 
such case the fireman should wait until he sees the 
pressure-gauge needle moving in the right direction, and in 
the meantime keep the feed off as long as is consistent with 
safety. 

The great secret of good firing is to fire a little at a time 
and often. This is especially the case with " blind " coal. 
To throw on a dozen to twenty shovelfuls at once has 
much the same effect as starting away with a made-up fire 
not properly burned through. The fireman should almost 
instinctively know the exact condition of his fire throughout 
the trip, and by this knowledge he will regulate the amount 
of coal he puts on each time he fires. 

The maximum number of shovelfuls put on at one time 
should be about eight, applied as follows — 

DD 
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No. I. Id the left back corner of the fire-box. 

„ 2. In the right back comer of the fire-box. 

„ 3. In the left front comer of the fire-box. 

,, 4. In the right front comer of the fire-box. 

„ 5. In the front of the box under the centre of the brick arch. 

„ 6. In the middle of the right side. 

„ 7. In the middle of the left side. 

„ 8. Undemeath the fire-hole door. 

This is about the usual routine each time the engine is 
fired, but sometimes the fire gets a little too thick in one 
place, and the firing must then be regulated accordingly. 
For instance, if it gets too thick in firont under the brick 
arch, the three shovels directed to that part of the box may 
be omitted on the next occasion of firing. 

While running, the fire must be kept of the same struc- 
ture and thickness as when made up in the shed before 
starting, viz., right up to the door at the back, and thin 
in the front It is, however, most essential that the bars 
in the front of the box be always well covered, so as to 
avoid drawing air, and care must be taken to shoot each 
shovelful into its place in the front. An unskilful fireman, 
instead of properly directing it into the front comers, wiU 
sometimes shoot the coal against the brick arch ; the coal 
then falls into the centre of the fire-box, and gets clogged 
up against the brick arch, stopping up the passage down 
the front of the fire-box, and impeding the circulation of air 
through the fire. In such case, the front of the fire next 
the tube-plate burns away, and the bars become uncovered, 
and draw cold air direct on to the tube-plate. 

The fireman, by putting on the first lot of coal, has in 
doing so caused the steam pressure to drop a few pounds, 
partly through the admission of cold air into the fire-box, 
and partly through the heat of the fire being checked by 
the fresh coal thrown upon it. 

In a few seconds, as the fire gets hold of the fresh coal, 
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the needle again reaches blowing-off point, and it is now 
time to put the feed on. The injector is therefore set to 
work by the fireman, and commences to supply the boiler 
with water. When the injector is once put on, if the train 
be a heavy one, it should not be necessary to again shut it 
off until the next stop.- The water-regulating wheel must 
be screwed down and adjusted until the supply to the 
boiler is just equal to the water evaporated by the working 
of the engine. 

A skilful fireman will manage this, and if everything goes 
right he will not have to shut the injector all the way from 
Rugby to Willesden, and during the whole run the water in 
the boiler will not vary half-an-inch, nor the steam pressure 
more than a pound or two per square inch. The steam 
should be always just at blowing-ofF point, without the 
pressure being suificiently high to cause the safety-valve to 
lift, and allow a quantity of steam to pass from the boiler to 
the atmosphere without any work being got out of it. 

Upon the skill and care of the fireman to a great extent 
depends the amount of coal consumed by the engine. If a 
driver finds his mate is not possessed of the necessary skill, 
it should be his duty to train and instruct him until he is 
satisfied with the manner in which the work is performed. 

The train has now got well under weigh, and has travelled 
some five or six miles, during which distance the driver has 
gradually ** notched " the engine up. The speed has con- 
siderably increased, but the line is on a gently rising gradient 
for the seven miles from Rugby to Welton, and a great 
speed is not attained between these points^ and the engine 
must not be pulled back too far. 

Having passed Welton, the gradient is descending, the 
engine is notched up to its maximum, and the speed 
increases to fifty or sixty miles an hour. 

The engine has now settled down to its work. The glass 
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gauge shows the water in the boiler at its full working 
height, the steam gauge records the maximum pressure 
without blowing off, the vacuum gauge twenty inches of 
vacuum, and the sight-feed lubricator is working and passing 
about four or five drops of oil per minute into the steam- 
chest to lubricate the valves and pistons. 

London and North-Western engines are fitted with air- 
pumps for causing the vacuum in the train-pipe, and at 
this speed the driver will be able to see whether the pump 
is maintaining the proper vacuum. 

The fireman fires up at regular intervals, his attention 
being called to the necessity for doing so by the fact that 
the safety-valve shows signs of blowing-ofF. When the door 
is opened and coal put on, the pressure is slightly reduced, 
and the steam does not begin to blow off again until it is 
time to put on more coal. 

The damper must be so adjusted as to bring about the 
regular routine of firing every time the engine begins to blow 
off; if opened too wide, the engine steams too freely, and 
begins to blow off before it is time to fire ; if not open wide 
enough, the time to fire arrives before blowing-off point is 
reached, and the engine will gradually go back in steam. 

When the engine is steaming properly it should never be 
necessary to touch the fire with the fire-irons, and a good 
fireman with a good driver and a good engine will never 
need to use them at all when running. Sometimes when 
the fire begins to go wrong, a gentle stirring up with the 
' pricker may put things right again, and there are circum- 
stances when this is necessary, but they should be excep- 
tional, for the more the fire is knocked about by the fire-irons, 
the greater the consumption of coal. 

There are no heavy gradients between Rugby and 
Bletchley, and having once got up express speed, and put 
the reversing-wheel and regulator in their proper position, it 
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should not be necessary to alter them between these 
points. 

The driver's attention should be concentrated upon keep- 
ing a strict look-out ahead, occasionally glancing at the 
gauges to see that everything is right, and swinging the 
door for the fireman when coal is put on. 

Between Castlethorpe and Wolverton are the first water- 
troughs, and the moment the engine gets on to them the 
scoop must be let down by the fireman, and, as soon as the 
tank is full, the driver must assist in shooting back the 
scooiD-handle. During the night great watchfulness must 
be observed not to miss the water-troughs, but the sound 
made in travelling over them is sufficient to call the driver's 
attention to his whereabouts. 

The fireman must, when not engaged in firing or breaking 
coal in the tender, assist his driver to keep watch ahead, 
and should always make a point of being on the look-out 
when passing through stations or junctions, where extra care 
is required in sighting the signals. 

After passing Bletchley the line is more or less on a 
rising gradient as far as Tring, the last four miles from 
Cheddington being a pretty stiff gradient. Here it is 
necessary to give the engine a little more lever, that is to 
say, to work in fuller gear. Having passed Tring, the ruling 
gradient is downwards all the way to Willesden, except 
between Bushey and Pinner, where there is a piece of level 
road and another water-trough, from which the water-tank 
must be again replenished as before. 

During the last fifteen or twenty miles the fire is gradually 
worked down, little or no coal being put on after passing 
Watford — 17^ miles from London. To work the fire 
down, a rake is used to gradually push forwards the thick 
part of the fire in the back of the fire-box a little bit at a 
time as the thin part of the fire in the front burns away. By 
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the time the train arrives at Euston, there should be a level 
thin fire covering the fire-bars. 

Before the stop at Willesden is made, special preparations 
are made by the driver. The speed from Watford is very 
^^S^f greater as a rule than any other part of the up journey. 
After passing this station there is an excellent piece of road, 
slightly down-hill, and if there is a minute or two to be 
made up, the driver need not be afraid of spoiling his fire 
and knocking his engine "^ut of time ** by " punishing " it — 
that is, running at a high speed with the engine nearly in 
full gear. He is close to a stop, and can get up steam 
again while standing, besides which he has only another five 
miles from Willesden to complete the journey. This hard 
running makes an extra powerful blast, and the consequence 
is that the fire, which is being run down, develops a very 
fierce heat, which is not checked by the addition of fresh 
coal. 

If the driver were to shut off steam while working under 
these conditions, the steam would continue to be generated 
very rapidly, and finding no outlet through the cylinders, 
would blow off furiously at the safety-valve, causing a great 
nuisance while standing at the station, besides wasting fuel 
by the generation of steam to no purpose. 

To avoid this, before the time arrives for shutting off 
steam, the damper is lowered, the fire-hole door opened, 
and the injector shut off. The two former operations 
reduce the heat in the fire-box, and the latter lowers the 
water in the boiler. By thus lowering the pressure, there is, 
when the regulator is shut, a margin for the accumulation 
of steam before it reaches blowing-ofF point, and its further 
generation can be checked by putting on the injector and 
filling up the boiler. 

The last station to pass before reaching Willesden is 
Sudbury, soon after passing which the regulator should be 
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shut, and the steam jet put slightly on to clear away the 
smoke and sulphur from the fire. 

After closing the regulator the vacuum brake should be 
partially applied, in order that the driver may satisfy himself 
that it is in good working order, and properly checks the 
speed of the train. Finding this to be the case, he should 
again release the brake, and allow the train to run forward. 
This partial application of the brake will check the speed, 
and the regulator being shut, the train will gradually slow 
down as it approaches the station. The second application 
must be made on nearing the platform, and the brake must 
be so regulated as to bring the train to a stand exactly at 
the proper place. Of course the manipulation of the brake, 
and the decision as to how far from the station it ought to 
))e applied, must depend upon the speed and weight of the 
train and the state of the rails ; but in any case the speed 
should be so far reduced on the first application as to render 
it unnecessary to apply the brake to its fullest extent in 
making the final stop. The driver thus has a reserve of 
power to make use of if necessary when entering the station. 
As the train comes to a stand the ejector should be opened 
and the vacuum re-created, so that at the moment of stopping 
the brake is in the act of being released. This causes the 
train to stop without any unpleasant jar to the passengers ; 
whereas, when a driver runs sharply up to a station and 
then turns the vacuum and steam brakes fully on, keeping 
them so till the train comes to a stand, he brings up with a 
sudden jerk. This is specially the case with a heavy main 
line train with long buffers between the carriages. 

After leaving Willesden the train passes through a thickly- 
signalled piece of line to Euston. For the last mile and a 
quarter the line is on a steep falling gradient, and special 
care must be observed in approaching the station. A 
terminal platform cannot be over-shot with the same 
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immunity from accident as a roadside station, and dis- 
astrous consequences must ensue unless the train is brought 
to a stand at the proper place, and accordingly a terminal 
station at the foot of a descending gradient must be 
approached with extra precaution. In order to ensure this 
being done, engine-drivers are instructed to use their hand- 
brakes only approaching Euston Station, so that the speed 
must be checked a considerable distance outside, and if by 
any chance the speed is a little too fast, there is always the 
continuous brake to use in case of emergency. Its use in 
this case proves that a man has not had his train under 
sufficient control, and the fact of its being necessary to apply 
it gets the driver into trouble. 

For ordinary stops, where the vacuum brake is used, the 
guards do not apply their hand-brakes, but they should, 
render assistance in descending the Euston incline. 

After arrival at Euston, the driver obtains his ticket from 
the guard, and the fireman detaches the engine, which is 
then taken on to the turn-table and turned with the head 
towards Rugby. Adjoining the table are different engine- 
pit roads, on to one of which the engine is run. 

The driver's next care is to go underneath and again 
examine his engine. This examination need not be of such 
a comprehensive character as the one he made on the shed 
previous to starting, but all those parts which are most likely 
to become disconnected should be carefully looked at, and 
all the bearing surfaces and axles should be felt to see that 
they have not been running hot. Should this be found to 
be the case with any of them, the trimmings should be taken 
out, the oil-holes cleaned out, and the part re-trimmed if 
necessary. By receiving proper attention in this respect, an 
axle or journal, which may just be beginning to go wrong, 
may be cured of any further tendency to do so. 

When standing at Euston or elsewhere, between the time 
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of arrival with one train and departure with another, the 
driver often has a very much better chance of doing little 
odd jobs to his engine than before starting away with the 
first trip ; because, with engines making long runs without 
stopping, there is frequently ample leisure for him to take 
as much time as he likes for such work. The fire, which 
has been run down as explained, must be again made up 
ready for the return trip, and the engine must be oiled. 

The fireman also has an opportunity of thoroughly cleaning 
the brass work on the foot-plate, which he may not have had 
time to finish to his satisfaction before. 

Of course, the time given to these various details must 
depend upon the marginal time allowed. If a long run has 
been made, it is advisable to clean the fire. To do this the 
fire-bars must be knocked with a rod from underneath to 
loosen the clinker on them, and the clinker must be taken 
out through the fire-hole door with a small shovel supplied 
for the purpose. 

With a run from Rugby to London and back, it should 
not be necessary to thoroughly clean the fire at Euston, but 
the bars should in all cases be knocked so as to loosen and 
break any clinker that may have formed upon them. The 
fire must then be made up again as before, in readiness for 
the return journey. 

A room is provided in which the men can rest and have 
their meals when they have done all the necessary work to 
their engine. 

The engine must not under any circumstances be left by 
the driver and fireman, except when in mid-gear with the 
hand-brake screwed on and the cylinder taps open. If the 
driver finds on arrival that there are any repairs which 
require the attention of a fitter, he must take his engine up 
to the steam-shed at Camden Town and have the work done 
there. When train time approaches, the same preparations 
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are made as before starting from Rugby, and the engine 
is backed on to the train which stands ready at the platform. 
Immediately after leaving Euston, the heavy gradient to 
Camden Town has to be faced. This gradient is in some 
places as steep as i in 70. 

When the London and North-Western Railway was first 
opened, it was not considered feasible to work trains with 
locomotives on such a steep incline ; in fact, the locomotives 
of that period were not strong enough to do so, and no 
engines ran beyond Camden Station, which was the terminus 
as far as they were concerned. The trains were worked 
between Euston and Camden by winding-gear. There were 
powerful engines driving windlasses at Camden, and the 
trains were wound up from Euston by ropes, and let down 
in the same way. Indeed, up till quite recently one engine 
was not thought capable of working any trains up the 
Euston incline, and a " bank engine " ran up behind every 
train. 

This engine stood in a convenient siding and ran out after 
the trains, catching them up, and propelling them as far as 
Camden. The Board of Trade Regulations now discount- 
enance assisting trains from behind in this manner, and 
trains are worked up the incline entirely by the engines 
drawing them. 

When the bank engine was discontinued, a trial was made 
of the most suitable engines for drawing trains from Euston 
to Willesden, with the idea that it would be advisable to 
construct special engines for this purpose, and work the main 
line engines up to Willesden only. The result of the experi- 
ments, however, proved that a 6 ft. compound engine was 
capable of drawing a train of twenty-five coaches from Euston 
to Willesden in ten minutes. The standard time for express 
passenger trains between these points is nine minutes, but as 
trains are limited to twenty vehicles, it was rightly considered 
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that engines of this class were perfectly capable of starting 
the main line trains from Euston, and working them up the 
incline without loss of time. But when it is necessary to 
assist trains from Euston to Willesden, which is frequently 
the case when they are worked by less powerful engines than 
those to which allusion has been made, the assistant engine 
is attached in front of the train engine, and runs to 
Willesden. 

An ordinary coupled engine is capable of working twelve 
or thirteen vehicles up the incline, and the driver knows that 
he must have his engine in the best possible trim to take the 
train up the bank. The fire must be in thoroughly good 
order before starting, and the sand gear working properly. 
Indeed, this steep incline, coming at the commencement of 
the journey, tries the engine as much as anything can, 
because of the very severe strain upon its powers, with a 
fresh fire that has not yet been stimulated by the action of 
the blast. With a train of the weight mentioned, the engine 
must probably travel most of the way from Euston to 
Camden with the reversing lever almost in full gear, and a 
large quantity of steam is used in consequence. Still, this 
heavy working causes a very strong blast, and therefore by 
the time the train gets half-way up the incline, the fire is so 
acted upon as to develop a great heat, and if the coal is 
properly burned through, sufficient steam is generated to 
carry the train up to the summit of the incline without 
eventual loss of pressure. 

There have been a considerable number of cases of trains 
" sticking *' on the incline through starting away with the fire 
not in good condition. The driver should therefore be 
thoroughly satisfied that everything is right in this respect 
before attempting to take a heavy load out of Euston without 
a XHkit engine. 

The run down from London is always a little more 
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troublesome than the up journey, because there is a con- 
tinuous rising gradient nearly all the way to Tring, a distance 
of 30 miles ; on the other hand, the stop at Willesden gives 
the driver a chance to make a good start again in case he 
has run short of steam through " punishing " his engine when 
working up the incline. 

The usual time taken in running from Euston to Tring, a 
distance of 30 miles, with an express train, is about 48 
minutes, and, as many of the trains are timed at an average 
speed of 50 miles an hour from London to Rugby, some 
good running has to be made after passing Tring. 

If the engine is going to finish its trip at Rugby, care must 
be taken to run the fire down as low as possible before 
arriving at the end of the journey. 

When an engine is run with a big fire of blind coal, 
firing must be discontinued some 20 or 30 miles before 
the point at which the trip ends. The thick part of 
the fire at the back of the box must be gradually pushed 
forward by the fire-irons until there is a thin fire of equal 
depth all over the bars. If properly managed, the lower the 
fire gets the fiercer the heat developed, and it may be 
run down until not more than five or six inches deep on 
the bars. 

If the fire gets down as low as this a few miles before the 
end of the trip, and steam cannot be kept up without putting 
on more coal, a few shovelfuls of small coals should be put 
on as required, being lightly scattered over the whole surface 
of the bars, so that when the engine arrives at its destination 
the grate is just covered by the fire. When the fire gets 
very low and is composed only of incandescent cinders, the 
pressure will drop, but so long as the gauge shows 60 lbs. at 
the time of closing the regulator, thei heat in the fire-box will 
go on generating steam after the regulator is shut, so that 
probably on arrival at the station there is sufficient pressure 
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to make a shunt or two if necessary, and then take the engine 
on to the shed. 

A great deal of experience and skill is required in judging 
exactly how to run the fire down so as to maintain suiiicient 
steam to the last, and yet avoid waste by taking the engine 
on to the shed with an unnecessary amount of fire in the 
fire-box. 

Upon the manner in which the driver manages his 
fire in this respect depends to a great extent the position 
his engine occupies upon the monthly consumption sheets. 
Upon detaching from the train, the driver obtains his 
ticket from the guard, and takes his engine into the loco- 
motive yard, where he places it over a pit near the coaling 
stage, gives it over to the care of the turner, and gives 
instructions as to the amount of coal to be put on the tender 
for the next trip. 

The turner is a man employed at large locomotive stations 
for turning and marshalling the engines in the shed, and 
taking them to and from the coaling stage. 

Before leaving the engine, the driver should look round all 
the axle-boxes and journals, and see that none of them have 
run hot He should look in the fire-box and see that none 
of the tubes are leaking. He must also test the pistons and 
steam-pipe joints by placing the engine in the position with 
the cranks in front of the axle, each crank being equi-distant 
from the cylinder. The hand-brake should be screwed 
hard on, and the cylinder taps opened. The regulator must 
then be opened, and the driver will be able to detect 
whether the pistons are blowing through. He must also 
open the smoke-box door and see that the steam-pipes are 
not leaking. 

While the driver is making this examination, the fireman 
should clean his lamps and lock up the tools. Both men 
then proceed to the engine-shed ; the driver makes out his 
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tickets, which record particulars of the run he has made and 
the stores obtained. He must also insert in the " repairs 
book *' particulars of any repairs required to his engine, and 
make out reports of any special circumstances that have 
arisen in connection with the working of his train. He is 
then at liberty to leave the shed, having delivered up the 
keys and "booked oflf" at the check-office. 



Having now taken the reader over the ground set forth 
on the title-page of his work, the author leaves him, he 
hopes, with some clear notions as to the practical side of 
a subject of vast national importance. We have seen how, 
in a wonderfully short period of time, the application of 
steam has been developed from a theoretical idea to an 
almost ideal practice, a development bringing with it a 
complete revolution of society and commerce. In the age 
in which we live the public accepts too much as a matter of 
course the wonders of science, by which we are gradually 
eliminating the factors of time and space from our lives. 
Hence it has been the author's aim to bring into a popular 
but not inaccurate work, some account of the industry, 
perseverance, and intellect that have been consumed in 
making it a matter of course for any one of his readers to 
travel one mile in one minute for one penny ; and although 
the purpose of this book has only been to deal with one 
branch of railway work, it should be remembered that it is 
only by strict discipline, anxious care, and the observance of 
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the most minute precautions that the employes and officials 
of all departments of a great railway system co-operate to 
ensure the safety of their passengers, under circumstances that 
seem all but beyond control. When one reflects on all that 
may depend on the safe arrival at or near the stated time of 
any of our countless express trains, it becomes apparent that 
there can be few subjects of greater interest to every think- 
ing being than the history and working of the locomotive. 
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Travel of slide-valve, 65 

Trevithick's engines, 4, 5 

Trevithick, F., 41 

Tubes, 92, 103, 279 

Tube-plate, 103 

Tweddell's hydraulic riveters, 
108 

Tyre, 160 

Vacuum brake, examination of, by 
driver, 391 ; manipulation of, 
407 ; gauge, 349 ; pump, lubri- 
cation of, 364. See also Brake 



Valve-motion, 70; Allan, 79; 
Bryce-Douglas, 89; Carmichael, 
73 ; Crampton, 77 ; Fenton's, 
76 ; gab, 74 ; Gooch, 78 ; Grey, 
J., 75; Hawthorn, 73; Howe- 
Stephenson, 77, 82 ; Joy, David, 
86; Melling, 73; North Stafford, 
83; Stephenson, R., 75; sta- 
tionary link, 77; Stephenson 
and Co., ^^ ; straight link, 79 ; 
shifting eccentric, 72, 90 ; es- 
sentials of, 81 ; wedge, 76, 84 ; 
Williams, 77 ; Woods, 72 

Valve spindles, 180 

Wash-out plugs, 138 

Water evaporated per lb. of coal 
burned, 234, 373 

Water-gauge, 133 

Water pick-up apparatus, ^74, 330 

Water space m boiler, 93 

Water-troughs, 330 

Water tubes, 279 

Watt, James, 2 

Webb, F. W., engines by : 6 ft. 6 
in. coupled passenger, 200-206; 
5 ft. 6 in. coupled tank, 206 ; 
6- wheeled coal engine, 208; 18 
in. coupled goods, 210 ; 18 in. 
side- tank passenger, 211 ; shunt- 
ing engine, 212 ; side-tank 
coal engine, 212 ; compound 
engines by {see Compound 
Engines) 

Locomotive practice by and 
improvements in connection with 
various details: Big end, 150; 
boiler, 231 ; cast-iron wheels, 
159 ; cast-steel wheels, 161 ; 
chimney, 167 ; cylinders, 142 ; 
cylinders, compound, 216, 225 ; 
ejector, 344; fire-hole door, 
117; injector, 130; loose eccen- 
tric, 90; piston rings, 180; 
radial axle-box, 155 ; safety- 
valve, 121; steam-brake, 170; 
steel boiler-plates, 94; water- 
gauge, 134 

Paper on compound loco- 
motives, 218 

Weight of engines, examples of 



422 



INDEX. 



35. 40; 
different 



early practice, 34, 
modem practice — see 
Companies' locomotives 
Weight of trains, examples of early 
practice, 34, 40 ; modern practice, 
«, 233> 256, 26s, 275, 282, 296, 



Wheel, cast-iron, details of, 159 . 

Wheels, driving, 154 ; steel, 161 ; 
tender, 325 ; wrought-iron, 160 

Whistle, 138 

WorsdelPs compound engine, 292 ; 
experimental trips, 295 ; maxi- 
mum horse power indicated, 295 
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